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The Macrofauna of the Surf Zone Off Folly Beach, 
South Carolina! 


WILLIAM D. ANDERSON, JR.,? JAMES K. DIAS,’ ROBERT K. DIAS,‘ 
DAVID M. CUPKA,’ and NORMAN A. CHAMBERLAIN? 


ABSTRACT 


A seining survey of the macrofauna of the surf zone at Folly Beach, Charleston County, S.C., was 
conducted from October 1969 to October 1971. Eighty-seven collections were made in the surf and 
associated tidal pool resulting in the capture of 512 specimens of swimming invertebrates representing 
at least 17 species and 5,095 specimens of bony fishes representing 41 species. 

The data obtained are analyzed on seasonal and yearly bases for total weights and numbers of 
species and specimens. Species are ranked as to importance; and prediction equations for monthly 
average number of specimens per collection in the surf, based on environmental variables, are 
developed. Length-frequency data and other aspects of the biology of selected species are presented. 
Length-length and length-weight relationships are given for certain species. Recommendations for 
the improvement of the methodology for similar surveys are made. 


INTRODUCTION 


Although the taxonomy of the fishes and many of the 
larger invertebrates inhabiting the inshore waters and es- 
tuaries of South Carolina is reasonably well known, the 
life histories of many of these species are incompletely 
known—data on the larvae and juveniles and on the 
seasonal variations and fluctuations of populations being 
especially limited. This study was initiated with the in- 
tent of filling part of this gap in our knowledge of the surf 
zone. 

In several studies since 1940, the ichthyofauna of the 
surf zone has been surveyed along the Gulf and Atlantic 
coasts of the United States [e.g., Gunter (1945, 1958) and 
McFarland (1963) in Texas; Springer and Woodburn 
(1960) in the Tampa Bay area; Miller and Jorgenson 
(1969) and Dahlberg (1972) in Georgia; Cupka (1972) in 
South Carolina; Tagatz and Dudley (1961) in North 
Carolina; and Schaefer (1967) in New York], but to our 
knowledge no surveys have been conducted on a regular 
year-around basis north of North Carolina in the surf 
zone of unprotected beaches. 

Of the many shore habitats, the surf zone of exposed 
beaches has been least studied. Part of the paucity of 
data on the surf zone is certainly due to the difficulties 
inherent in collecting in it. It is unfortunate that our 
knowledge of this environment is so meager because this 
rather extensive and physically well-defined habitat is 
not only economically important as a recreational area 


‘Contribution No. 37 of the Grice Marine Biological Laboratory, 
College of Charleston, and Contribution No. 51 of the Marine Resources 
Center, South Carolina Wildlife and Marine Resources Department. 

*Grice Marine Biological Laboratory, 205 Fort Johnson, Charleston, SC 
29412. 
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‘Virginia Institute of Marine Science, Gloucester Point, VA 23062. 
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for sport fishermen, but also is significant as nursery 
grounds for certain commercial and sport species such as 
the pompanos, Trachinotus spp., mullets, Mugil spp., 
and Gulf kingfish, Menticirrhus littoralis. Other species 
inhabiting the surf undoubtedly prey upon or form a 
significant part of the diet of a number of economically 
important species. In order to adequately understand the 
ecology of the surf zone, basic data on the composition 
and seasonal variations and fluctuations of populations 
of both resident and transient species are necessary. 
With the preceding in mind, a 2-yr biweekly seining sur- 
vey was initiated at Folly Beach in October 1969. A short 
abstract of the first year of this study was presented by 
Anderson et al. (1971). 


DESCRIPTION OF THE STATION 


Folly Beach (on Folly Island, a barrier island) is about 
14 km south of the Charleston peninsula in Charleston 
County, S.C. The littoral zone at this beach is a high- 
energy environment, unprotected from the force of the 
open Atlantic Ocean by any physiographic feature. 
Collections were made in the surf (i.e., the breakers and 
slightly seaward) and tidal pool (when present) between 
the last two groins at the southwestern end of the beach 
(lat. 32°38.7'N, long. 79°57.6'W). The beach slopes gent- 
ly in this area (about 1-1'2%) and is predominantly sandy 
(fine sand), although considerable shell and larger shell 
fragments were present on about one-half of the collect- 
ing days. Tidal ranges are 5.2 feet (1.58 m) mean and 6.1 
feet (1.86 m) spring. The height of the sea varied from 
about 0.2 to 2.1 m (% = 0.6 m). 

A tidal pool’ was present on approximately 70% of the 
collecting days. Its dimensions varied considerably from 


°A “tidal pool” is “A pool of water remaining on a beach or reef after 
recession of the tide” (Howell 1960). 


one collection to the next. On several occasions it was 
limited to a small pool at the seaward end of one (or of 
each) groin and on others was a very long trough in excess 
of 200 m in length. Because the groins (of timber pilings) 
were well covered with encrusting invertebrates and 
because the currents tended to scour out the areas at the 
seaward ends of the groins, these man-made structures 
acted as unnatural foci for the concentration of motile 
animals. Despite this the presence of the groins affected 
only the catch in the tidal pool, because at the times we 
made the surf collections the tide had receded beyond 
the groins. 

The minimum and maximum water temperatures ob- 
served were: surf, 6.4° and 28.6°C; tidal pool, 3.7° and 
26.8°C. The salinities in the surf ranged from 23.2 to 
35.0°/00; those in the tidal pool, from 25.8 to 33.4°/,,. 
(For data on temperature and salinity, see Tables 1 and 
2.) The lowest salinities were recorded after heavy local 
rains. Because the collections were made near the time of 
predicted low water, the maximum diluting effect of the 
groundwater was manifest. 


MATERIALS AND METHODS 


Collecting and Handling Specimens and Data 


Collections were made by seine at approximately 
biweekly intervals (from 11 October 1969 to 10 October 
1971) in the surf and tidal pool (when present) near the 
time of predicted low water. All except three of the 
collections were made in the morning (0500-1130 EST). 
The time required to make a collection varied from 5 to 
40 min (% = 15.4) in the surf and from 1 to 25 min (% = 
10.3) in the tidal pool. 

The surf was seined with a 19.8- by 1.8-m, 9-mm 
stretch-mesh nylon bag seine with bag opening of 1.8 m 
in diameter and length of 1.8 m. Initially, the tidal-pool 
collections were made with the 19.8-m seine—later 
(because of ease of handling) with a 7.1- by 1.6-m, 9-mm 
stretch-mesh nylon bag seine with bag opening of 1.8 m 
in diameter and length of 1.8 m. Except when beaching 
and when collecting in the tidal pool was restricted to 
small pools at the groins, the seines were pulled parallel 
to the beach. 

In the surf, the seine was pulled approximately 185 m, 
the distance between the groins. During almost all of the 
first"year, two hauls, each about one-half the distance 
between the groins, were made—the first haul starting 
opposite one groin, the second terminating opposite the 
other. Later each surf collection was made with a single 
tow. Generally, the seine was towed with the longshore 
current which usually ran from northeast to southwest. 
The distance seined and the number of hauls in the tidal 
pool varied with the length and configuration of the pool, 
but never exceeded 185 m. The use of seines of different 
lengths did not affect the catch in the tidal pool because 
even the smaller seine was long enough to reach across 
the width of the pool. There were no duplicate or 
reciprocal tows in either the surf or tidal pool, i.e., a 
given area was seined only once per collecting trip. 


Assuming that the opening of the seine was 12 m (+2 m), 
the area covered in a seine haul between the groins in the 
surf was about 2,220 m?. Surf and tidal-pool catches 
made on the same day were considered as different 
collections and were handled separately. Air and water 
temperatures, salinity, and turbidity were measured and 
observations were made on the condition of the sea, 
height of the breakers, wind velocity and direction, cloud 
cover, character of the bottom, and depth of water seined. 

All material was measured and weighed after preserva- 
tion. Standard length (SL), fork length (FL)—when 
applicable, total length (TL), and weight (W) of each 
fish were taken. Specimens were thoroughly blotted ex- 
ternally and excess moisture was squeezed out of the gill 
chambers of fishes before weighing. Similar techniques 
were used for invertebrates except that carapace length 
(CL) and width (CW) were measured on crabs. 

Data were coded for input on 80-column Hollerith code 
punch cards. Four types of cards were used for each 
collection: 1) location data card, 2) physical data card, 3) 
species data card (number of specimens, total weight, 
and length and weight ranges), and 4) specimen data 
card (scientific name, sex if determined, lengths, weight, 
and miscellaneous data as appropriate). Data were 
analyzed on an IBM System 360/40 DOS computer. The 
software used for the analyses of the data was the 
Dynamic Computer Systems/Multi-purpose Information 
Processor and the UCLA BMD, Biomedical Computer 
Programs. 

In this study we define the seasons as follows: October, 
November, December—Fall; January, February, 
March—Winter; April, May, June—Spring; and July, 
August, September—Summer. 


Selectivity of Collecting Method 


The method of collecting used in this study was highly 
selective. The material that could be collected by seining 
was determined by the characteristics of the net (length, 
configuration, and mesh size), certain environmental 
factors, and the speed at which the net could be pulled, 
which is largely a reflection of environmental conditions. 
In the surf the environmental factors with the greatest 
effects were velocity of longshore current, condition and 
height of sea, nature of bottom, temperature, and tur- 
bidity; in the tidal pool those of greatest importance were 
conditions prevailing at the previous flood tide and the 
configuration of the pool itself which was a product of the 
conditions existing at the time of formation. 

In the surf large individuals were not as readily 
collected as smaller ones; however, at times of low water 
temperatures the motility of larger animals was reduced 
greatly, thereby decreasing their chances of escaping 
capture. Individuals less than a certain critical size (a 
function of mesh size) were not retained in the net unless 
they became entrapped with other animals and debris in 
the bag of the seine. 

The seine was usually pulled with the longshore 
current because most frequently it was impossible to 
make headway against it. Even though our hauls were for 


the most part with the current, the time required to cover 
the distance between the groins varied considerably 
because of differences in current velocity. Our catch, 
then, was affected both qualitatively and quantitatively 
to unknown degrees by variations in the current. 

In the tidal pool all individuals greater than a certain 
critical size would appear to be captured with ease. 
However, experience showed that this was not the case. 
Due to the configuration of the tidal pool, particularly 
when it was in part or entirely associated with one (or 
both) of the groins, animals were seen that were not 
collected. 


RESULTS AND DISCUSSION 
Collections 


A total of 87 collections were made, 51 in the surf 
(Table 1) and 36 in the tidal pool (Table 2). Each collec- 
tion in the surf yielded at least one species of fish (1-9) 
and all but 14 at least one swimming invertebrate species 
(1-6). Twenty-eight of the 36 collections in the tidal pool 
produced at least one species of fish (1-7), but swimming 
invertebrates (one species) were obtained in only eight 
collections. The total number of species of fishes and 
swimming invertebrates varied from 1 to 13 per collec- 
tion in the surf and 0 to 7 in the tidal pool. 

The number of fishes per collection in the surf varied 
from 2 to 310; the number of swimming invertebrates 
from 0 to 79. In the tidal pool the number of fishes per 
collection ranged from 0 to 759; the number of swimming 
invertebrates from 0 to 12. The total number of specimens 
of fishes and swimming invertebrates ranged from 2 to 
311 per station in the surf and 0 to 759 in the tidal pool. 

The weight of fishes per collection in the surf varied 
from 7 to 2,045 g, that of swimming invertebrates from 0 
to 655 g. The weight of fishes per collection in the tidal 
pool varied from 0 to 817 g, that of swimming in- 
vertebrates from 0 to 7 g. The total weight of fishes and 
swimming invertebrates varied from 7 to 2,047 g per sta- 
tion in the surf, and from 0 to 817 g in the tidal pool. 

Some 512 specimens of swimming invertebrates 
representing 4 phyla, 4 classes, 6 orders, 11 families, 
about 15 genera, and at least 17 species; and 5,095 
specimens of bony fishes representing 7 orders, 19 
families, 32 genera, and 41 species were collected and ex- 
amined during this study. About 350 specimens 
representing at least 32 additional species of in- 
vertebrates were also collected. This group of species in- 
cluded nonswimming motile forms characteristic of 
calmer offshore waters, unattached bottom-dwellers of 
the surf zone (such as pelecypods and echinoderms), and 
detached offshore sessile organisms. Seventeen of these 
species (represented by 102 specimens) were collected 
only on 16 July 1971 shortly after a tropical storm passed 
near the coast of South Carolina. Because these 32 ad- 
ditional species of invertebrates are not ordinarily found 
in the surf zone or are bottom-dwellers not adequately 
sampled by our method of collection, they are not con- 
sidered further. 


Sixteen of the 17 species of swimming invertebrates 
were found in the surf, but only five were found in the 
tidal pool. Nearly all of the specimens (491 of 512) and 
nearly all of the mass of swimming invertebrates (4,291 
of 4,300 g) were found in the surf. 

All 41 species of fishes collected were found in the surf, 
but only 16 appeared in the tidal pool. Approximately 
54% of the specimens (2,747) were seined in the surf and 
about 46% (2,348) in the tidal pool. Approximately 74% 
(12,866 g) of the ichthyomass was caught in the surf and 
about 26% (4,452 g) in the tidal pool. The mean weight of 
fishes from the surf was more than twice the mean weight 
of those from the tidal pool (4.68 to 1.90 g). Larger fishes 
tend to avoid being trapped in shallow tidal pools as the 
tide ebbs, whereas smaller individuals may find refuge in 
these relatively predator-free pools. It is conceivable that 
these transient pools provide havens that are important 
to the survival of the fry of species such as Trachinotus 
carolinus and Mugil curema and to individuals of most 
size ranges of Fundulus majalis and Menidia menidia. 
Individuals of the latter two species may seek these quiet 
waters for feeding. Although one of the effects of fishes 
concentrating in a tidal pool is to make them more 
vulnerable to some piscivorous birds, the advantages of 
temporary residence in an isolated pool (protection from 
predatory fishes and certain birds and the availability of 
food) may far outweigh this disadvantage. Of the most 
important species, the fishes Anchoa mitchilli and Men- 
ticirrhus littoralis and the decapod crustacean Arenaeus 
cribrarius were collected almost exclusively in the surf, 
while the fish Fundulus majalis was caught almost en- 
tirely in the tidal pool. Table 3 presents summaries of 
data on collections, size ranges, total weights, tempera- 
ture, and salinity for fishes and Arenaeus cribrarius, and 
Table 4 presents the monthly size range and number col- 
lected per month for fishes and A. cribrarius. In both 
tables A. cribrarius is included because it was the only 
invertebrate species collected in sufficient numbers for 
analysis. Data on the other swimming invertebrates col- 
lected are presented in Table 5. 

The numbers of specimens collected were quite small 
compared with those of some surveys. Our small catches 
resulted from the difficulties encountered in collecting in 
the surf and the limitations imposed by our sampling 
procedure (the absence of replicate tows and collecting 
sites and the use of a small beach seine). The similarjties 
in the two years in the compositions of the collections 
and the seasonal trends indicate that our methodology 
was adequate for giving an estimate of some of the en- 
vironmental and population parameters of the area. 


Comparisons of Yearly and Seasonal 
Abundance of Fishes 


Comparisons of numbers of species and specimens and 
total weights of fishes are presented in Table 6. These are 
discussed in this section. In the section on the Analysis of 
Abundance of Fishes, the statistics of the data given in 
Table 6 are examined. 


Table 1.—List of collections made in the surf during survey of Folly Beach, S.C. (Oct. 


1969-Oct. 1971). 


F = Fish; I = Swimming invertebrates. Plus indicates imcomplete 


data; dash indicates no data taken; < indicates weights of 0.5 g or less. 


Tempera- 
ture Salinity 
Date (°C) (°ho 
1969 
1UOct! 24.5 33.0 
18 Oct. 21.0 32.8 
1 Nov. 17.5 31.2 
16 Nov. 11.4 32.9 
2 Dec. 11.0 31.4 
17 Dec. 9.3 29.0 
1970 
2 Jan. 8.8 32.8 
15 Jan. 6.7 27.7 
1 Feb. 7.4 32.2 
14 Feb. 8.9 32.1 
1 Mar. 9.9 33.2 
15 Mar. 11.1 32.6 
31 Mar. 15.3 26.4 
12 Apr. 16.0 23.2 
25 Apr. 21.5 31.8 
11 May 22.5 32.6 
26 May 23.2 32.6 
9 June 23.8 28.0 
23 June 212 31.2 
11 July 26.7 31.2 
25 July 28.3 35.0 
8 Aug. 26.0 32.3 
24 Aug. 28.6 33.9 
9 Sept. 25.6 30.2 
23 Sept. 26.9 29.6 
10 Oct. 23.0 31.2 
24 Oct. 20.4 31.2 
7 Nov. 15.3 32.3 
22 Nov. 14.6 29.1 
6 Dec. 13.0 29.6 
22 Dec. 13.3 34.5 
1971 
4 Jan. 10.2 28.0 
21 Jan. 6.4 31.2 
6 Feb. 9.0 27.0 
20 Feb. 10.8 26.4 
8 Mar. 10.9 30.2 
21 Mar. 11.0 31.8 
6 Apr. 14.2 30.2 
17 Apr. 15.3 31.2 
2 May 19.0 28.0 
16 May 21.1 28.0 
30 May 21.6 29.1 
14 June 24.9 33.4 
28 June 27.2 32.8 
16 July 27.4 33.4 
30 July 27.8 31.5 
13 Aug. 26.8 29.6 
28 Aug. 27.0 32.3 
12 Sept. 26.2 32.8 
26 Sept. 24.2 29.2 
10 Oct. 23.5 27.5 


Surf.—More species and more specimens of fishes 
were caught in the surf during the second year than in 
the first year, but the weight of fishes caught in the sec- 
ond year was only 60% of those caught in the first year 
(see Table 6). A considerable portion of this difference 
was due to the capture during the first year of 20 Mugil 
cephalus with a total weight in excess of 1.5 kg and a 
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No. of 
species 


No. of Total 
specimens weight (g) 
I F I F I 
3 25 20 56 354 
1 77 4 180 = 135 
1 3 2 ll 39 
0 54 0 312 0 
0 3 0 75 0 
0 195 0 461 0 
0 97 0 307 0 
2 39 6 1,252 39 
0 47 0 121 0 
1 58 2 162 < 
0 15 0 50 0 
0 9 0 32 0 
1 130 1 520 5 
0 14 0 63 0 
2 37 3 162 14 
2 ct 6 16 103 
2 12 4 24 _— 
4 21 19 1,294 276 
1 51 44 188 166+ 
4 45 8 96 16+ 
2 16 6 289 207+ 
1 25 79 166 56+ 
2 21 13 102 7 
2 15 8 58 108 
1 113 2 2,045 2+ 
1 7 3 8 31+ 
1 46 8 486 16 
0 71 0 193 0 
1 4 1 19 < 
0 74 0 229 0 
0 2 0 7 0 
0 8 0 26 0 
1 310 1 571 < 
0 244 0 626 0 
0 132 0 472 0 
1 39 1 63 — 
2 78 6 156 13 
2 13 10 186 22 
2 34 4 184 80 
7 14 10 212 95 
2 3 11 29 «152 
1 15 1 21 19 
1 81 9 293 165 
3 28 8 85 204 
6 80 47 128 446 
2 66 13 126 19 
1 38 1 206 1 
1 41 34 112 341 
5 161 61 319+ 655 
1 12 5 14. «67 
2 17 30 53+ 438 


single specimen of Pogonias cromis which weighed more 
than 1.2 kg. 

Comparisons of seasonal catches between the two 
years show close similarities in numbers of species in cor- 
responding seasons except summer. The summer of the 
second year produced almost half again as many species 
as that of the first year. Winter, spring, and summer in 


Table 2.—List of collections made in the tidal pool (when present) during survey of Fol- 


ly Beach, S.C. (Oct. 1969-Oct. 1971). 


F = Fish; I = Swimming invertebrates. Plus in- 


dicates incomplete data; dash indicates no data taken; < indicates weights of 0.5 g or 


less. 
Tempera- No. of No. of Total 
ture Salinity species specimens weight (g) 
Date (°C) (Phd FEES (asia e ee Romie 
1969 
11 Oct. 26.8 —_ 6 1 130 2 365+ < 
18 Oct 17.0 = 5 0 14 0 38 0 
16 Nov 11.2 32.0 1 0 14 0 41 0 
2 Dec 10.8 32.0 3 1 58 12 809 — 
17 Dec 7.9 28.1 1 0 1 0 5 0 
1970 
2 Jan 8.0 32.5 1 0 5 0 22 0 
15 Jan 6.2 26.2 1 0 4 0 16 0 
1 Feb. 7.3 30.7 0 0 0 0 0 0 
15 Mar 8.4 32.4 1 0 5 0 21 0 
11 May 21.6 31.6 3 0 76 0 268 0 
26 May 21.1 31.8 6 0 251 0 817 0 
9 June 22.8 28.0 idl 0 759 0 295 0 
23 June 24.8 28.0 3 1 366 1 236 7 
11 July 23.4 28.5 4 1 73 it 215 < 
25 July 26.3 32.3 2 1 5 1 9 1 
8 Aug 24.6 30.7 4 1 159 1 239 < 
9 Sept 24.2 29.6 2 0 3 0 5 0 
23 Sept 25.6 28.5 1 0 5 0 1 0 
10 Oct 24.3 31.2 3 0 51 0 1 0 
7 Nov 14.6 31.2 5 0 52 0 149 0 
22 Nov 14.2 31.2 2 0 132 0 461 0 
6 Dec 10.7 29.6 0 0 0 0 0 0 
22 Dec 14.0 32.3 1 0 50 0 218 0 
1971 
4 Jan 11.2 25.8 3 0 17 0 67 0 
21 Jan ONT 28.5 0 0 0 0 0 0 
6 Feb 11.0 27.0 1 0 1 0 < 0 
17 Apr. 14.9 30.2 3 0 49 0 14 0 
2 May 18.0 25.8 1 0 4 0 14 0 
16 May 19.8 28.0 i 0 4 0 13 0 
30 May 18.5 29.1 0 0 0 0 0 0 
14 June 24.0 33.4 0 0 0 0 0 0 
28 June 25.1 31.2 0 0 0 0 0 0 
16 July 24.5 31.2 0 0 0 0 0 0 
13 Aug 24.2 29.6 0 0 0 0 0 0 
12 Sept 25.5 32.3 4 1 46 1 73 _— 
10 Oct 23.0 28.0 4 1 14 2 28 1 


the second year each yielded more specimens than in the 
first year, with winter and summer each being a great 
deal more productive. In each season of the first year a 
greater total mass of fishes was collected than in the 
same season in the second year. 

A comparison of data for seasons for both years com- 
bined shows that more species were caught in summer 
than in any other season and that diversity was least in 
winter. In contrast, most specimens and greatest mass 
were obtained in winter, whereas the least number of in- 
dividuals and smallest mass appeared in the spring and 
fall catches, respectively. For the most part, the in- 
dividual years followed the same pattern. The high diver- 
sity in the warmer months was expected, but the large 
number of individuals and great mass caught during the 
winter was not anticipated. The large winter catch, 
relative to other seasons, may be due to at least two fac- 
tors—motility and preferences for particular 
temperature regimes. Most of the larger, faster fishes 
that were caught in cold water could have easily avoided 


the seine when the water was warm. Menidia menidia, 
the most abundant species, was caught over a wide range 
of temperature (6.4°-28.3°C), but was most plentiful at 
the lower end of that range, whereas Trachinotus 
carolinus and Mugil curema (two of the most common 
species of fishes) were not collected at temperatures less 
than 14.6° and 14.9°C, respectively. 


Tidal pool.—More species, more individuals, and 
greater mass of fishes were collected in the tidal pool dur- 
ing the first year than in the second year (see Table 6). 
These differences appear to be largely due to chance. A 
tidal pool was present on 18 of the collecting days each 
year, but only 1 of the 18 yielded no fishes or in- 
vertebrates in the first year; in contrast 7 produced no 
specimens in the second year. The absence of fishes from 
a particular collection in the tidal pool was apparently 
not entirely related to temperature because three collec- 
tions which produced none were made in December, 
January, and February (water temperature: 3.7-10.7°C) 


Table 3.—Summary data for Arenaeus cribrarius and fishes collected during survey of Folly Beach, S.C. (Oct. 1969-Oct. 1971). 


Species 


Portunidae (Decapoda, Crustacea) 

Arenaeus cribrarius 
Elopidae 

Elops saurus 
Clupeidae 

Alosa aestivalis 

Brevoortia smithi 

Brevoortia tyrannus 

Dorosoma petenense 

Opisthonema oglinum 
Engraulidae 

Anchoa hepsetus 

Anchoa mitchilli 
Ariidae 

Arius felis 
Cyprinodontidae 

Cyprinodon variegatus 

Fundulus heteroclitus 

Fundulus majalis 

Fundulus sp. 
Atherinidae 

Membras martinica 

Menidia beryllina 

Menidia menidia 
Pomatomidae 

Pomatomus saltatrix 
Carangidae 

Caranx hippos 

Chloroscombrus chrysurus 

Trachinotus carolinus 

Trachinotus falcatus 

Trachinotus goodet 
Gerreidae 

Eucinostomus sp. 
Sparidae 

Archosargus probatocephalus 
Sciaenidae 

Bairdiella chrysura 

Larimus fasciatus 

Leiostomus xanthurus 

Menticirrhus littoralis 

Menticirrhus saxatilis 

Menticirrhus sp. 

Pogonias cromis 

Stellifer lanceolatus 
Mugilidae 

Musgil cephalus 

Mugil curema 
Scombridae 

Scomberomorus maculatus 
Triglidae 

Prionotus sp. 
Bothidae 

Paralichthys squamilentus 

Scophthalmus aquosus 
Soleidae 

Trinectes maculatus 
Balistidae 

Monacanthus hispidus 
Tetraodontidae 

Sphoeroides maculatus 

Sphoeroides spengleri 
Diodontidae 

Chilomycterus? 


‘Carapace width in millimeters. 


surf 


417(32) 
1(1) 


22(5) 
1(1) 
18(3) 
1(1) 
15(1) 


22(7) 
362(29) 


1(1) 


2(1) 
1(1) 
3(3) 
0 


14(8) 
22(10) 
1,485(36) 


2(2) 
6(3) 
266(29) 
7(5) 
4(3) 


1(1) 
1(1) 


1(1) 
4(1) 
2(2) 
291(34) 
3(2) 
3(2) 
1(1) 
1(1) 


26(8) 
121(9) 


1(1) 


5(3) 


0 


ooooco 


3(1) 
10(1) 


1(1) 


2(2) 

3(1) 
341(15) 

2(2) 


0 
4(4) 
630(18) 


0 
0 
0 
710(13) 
41(7) 
0 
2(1) 


0 


Number collected and 
times (in parentheses) 
tidal pool 


total 


422(35) 
1(1) 


22(5) 
1(1) 
18(3) 
1(1) 
15(1) 


25(8) 
372(30) 


2(2) 


4(3) 

4(2) 
344(18) 

2(2) 


14(8) 
26(14) 
2,115(54) 


2(2) 


2(2) 

6(3) 
976(42) 
48(12) 

4(3) 


3(2) 
1(1) 
1(1) 
4(1) 
2(2) 
294(36) 
4(3) 
4(3) 
1(1) 
1(1) 


73(11) 
666(16) 


1(1) 
2(2) 


19(10) 
1(1) 


1(1) 
6(4) 


5(2) 
1(1) 


2(1) 


Size 
range 
(mm SL) 


'7-141 


220 


229-237 


26-32 
25-38 
26-84 

57 


44-83 
46-75 
21-89 


93-122 


28-34 
20-54 
12-93 
12-59 
18-91 


14-28 
118 

93 
15-34 
38-102 
19-149 
33-50 
27-38 
328 

51 


17-328 
19-130 


106 
24-26 


34-115 
81 


100 
16-22 


14-18 
16 


12-16 


Total Temperature 

weight range 
(g) (°C) 

3,218+ 11.0-28.6 

111 26.2 

29 6.4-10.9 

13 6.7 

87 6.4-9.3 

a 28.6 

78 26.8 

70 15.3-28.6 

365 6.4-28.6 

347 19.0-23.4 

4 9.3-11.2 

3 11.4-14.6 

744 6.2-26.8 

8 6.2-22.8 

42 9.0-26.8 

53 6.4-22.8 

6,226 6.4-28.3 

38 23.8-26.7 

2 26.8-28.3 

6 26.2-27.8 

1,519 14.6-28.6 

47 15.3-26.8 

23 21.0-26.0 

1 24.3-24.5 

70 6.7 

17 15.3 

4 26.2 

26 21.1-21.5 

843 6.7-28.6 

5 22.8-27.2 

2 14.6-26.2 

1,228 23.8 

3 14.2 

2,426 6.4-28.3 

2,709 14.9-28.6 

ll 27.4 

1 26.2-27.4 

82 15.3-27.4 

14 15.3 

45 21.5 

2 15.3-27.0 
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Table 4.—Continued. 


February March April May June July August September October November December 


January 


Species 


Bothidae 


(1)115 


0 (2)34-38 (11)42-58 (4)46-56 (1)82 


0 


0 


Paralichthys squamilentus 
Scophthalmus aquosus 


Soleidae 


(1)81 


(1)100 


0 


0 


Trinectes maculatus 


(2)18-19 


0 


(2)16 (1)22 


0 


(1)16 


nthus hispidus 


aculatus 


idae 
Chilomycterus ? 


(2)12-16 0 


0 


0 


‘Measurements = carapace width in millimeters. 


and five were made in May, June, July, and August 
(water temperature: 18.5°-25.1°C). Several of the pools 
from which no specimens were collected were for the 
most part extremely shallow (0.1 m or less in depth) or 
were oriented at the seaward end of a groin in a manner 
which made it impossible to make a good seine haul. 
Considerable portions of the discrepancies in numbers 
and weights between the two years were the result of the 
capture of large numbers of small Fundulus majalis, 
Trachinotus carolinus, and Mugil curema in the tidal 
pool during the first year. 

Comparisons of seasonal catches between the two 
years show close similarities in numbers of species in all 
seasons except spring. The spring of the first year 
produced 3 times as many species as the spring of the sec- 
ond year. Fall and winter of the second year each yielded 
more specimens than their counterparts of the first year, 
but spring and summer of the second year each had very 
few specimens as compared to the corresponding season 
in the first year. In each season of the first year except 
winter a greater mass of fishes was collected than in the 
same season in the second year. 

A comparison of data for seasons for both years com- 
bined demonstrates that species diversity was greatest in 
fall and spring and least in winter, that number of 
specimens collected was greatest in spring and least in 
winter, and that greatest mass was obtained in fall and 
least in winter. Because the first year dominated the 
combined catch for both years, it followed essentially the 
same pattern, but the second year differed considerably. 


Surf and tidal pool combined.—When the surf and 
tidal pool were considered as a unit, the second year 
produced more species, but fewer specimens and less 
weight than the first year (see Table 6). 

Comparisons of seasonal catches between the two 
years show close similarities in numbers of species in cor- 
responding seasons except summer. The summer of the 
second year produced almost a third more species than 
that of the first year. With regard to numbers of 
specimens, fall and summer of the first year were very 
similar to the same seasons in the second year, but the 
winter of the second year produced about twice as many 
individuals as that of the first year and the spring of the 
first year 6.5 times as many as that of the second year. In 
each season of the first year a greater mass of fishes was 
collected than in the same season of the second year. 

A comparison of data for seasons for both years com- 
bined shows that more species were caught in summer 
than in any other season, and that diversity was less in 
fall and spring and much less in winter. The greatest 
number of specimens were collected in spring and the 
least in summer. The greatest mass appeared in winter, 
but spring produced almost as much and summer and 
fall were not far behind. The individual years followed 
different patterns of seasonal distribution. 


Comparison of surf with tidal pool.—During both 
years more species and a greater mass of fishes were 


Table 5.—Summary data for swimming invertebrates (except Arenaeus cribrarius) collected during survey of Folly Beach, S.C. (Oct. 1969-Oct. 


1971). 
Number collected and Temperature Salinity 
times (in parentheses) Season(s) collected range range 
Species surf tidal pool total fall winter spring summer (°C) (°/o0) 
Cnidaria 
Scyphozoa 
One (?) unidentified species 
(damaged) 2(2) 0 2(2) x >.< 10.9-19.0 28.0-30.2 
Mollusca 
Cephalopoda 
Lolliguncula brevis 1(1) 0 1(1) x 23.5 2720 
Annelida 
Polychaeta 
Nereis succinea 3(2) 1(1) 4(3) xX 25.5-27.4 32.3-33.4 
Arthropoda 
Crustacea 
Tsopoda 
Aegathoa oculata 1(1) 0 1(1) ».¢ 28.6 33.9 
Decapoda 
Acetes americanus carolinae 3(1) 0 3(1) xX 26.2 32.8 
Callinectes ornatus 0 1(1) 1(1) xX 26.3 32.3 
Callinectes sapidus 9(8) 12(1) 21(9) xX xX Xx 10.8-28.3 28.0-35.0 
Emerita talpoida 3(3) 2(2) 5(5) ».¢ ».¢ 19.0-26.7 28.0-31.2 
Emerita sp., fragment 1(1) 0 1(1) Xx 23.2 32.6 
Ogyrides alphaerostris 1(1) 0 1(1) X 27.2 32.8 
Ovalipes ocellatus 14(8) 0 14(8) xX x 11.0-23.8 26.4-31.8 
Palaemonetes pugio 5(3) 0 5(3) ».« xX 6.4-26.7 31.2-32.1 
Penaeus setiferus 21(4) 0 21(4) xX x 6.7-27.4 27.7-33.4 
Portunus anceps 5(1) 0 5(1) x 27.4 33.4 
Portunus gibbest 1(1) 0 1(1) Xx 27.4 33.4 
Trachypenaeus constrictus 1(1) 0 1(1) xX 24.5 33.0 
Stomatopoda 
Squilla empusa 2(1) 0 2(1) ».« 6.7 27.7 
One unidentified species 
(larva) 1(1) 0 1(1) x 26.7 31.2 
collected in the surf than in the tidal pool (see Table 6). counts for most of this variation between years. 
In the first year more specimens were captured in the Considering the first and second years combined, more 
tidal pool than in the surf, but in the second year the op- species, greater numbers, and a greater mass were 
posite was true. Captures of large numbers of small fishes collected in the surf than in the tidal pool. In the surf as 
in the tidal pool during the spring of the first year ac- compared with the tidal pool, species diversity was 


Table 6.—Numbers of species and specimens and total weights of fishes(in grams) collected in the surf, tidal pool, and surf and tidal pool com- 
bined at Folly Beach, S.C. (Oct. 1969-Oct. 1971). 


Seine eee SUT ete be ist 18) “Tidalipool nk Surf and tidal pool combined 
Number Number Total Number Number Total Number Number Total 
species specimens weight species specimens weight species specimens weight 
collected! collected _collected collected’ collected collected collected’ collected collected 

First fall 14 357 1,095 9 217 1,258 16 574 2,353 

year winter 9 395 2,445 2 14 58 9 409 2,503 

spring 14 142 1,748 9 1,452 1,617 15 1,594 3,365 

summer 13 235 2,755 6 245 469 16 480 3,224 

Total 28 1,129 8,043 14 1,928 3,402 29 3,057 11,445 

Second fall 12 204 942 8 285 842 17 489 1,784 

year winter 8 811 1,914 4 18 67 11 829 1,981 

spring 14 188 1,010 3 57 40 14 245 1,050 

summer 19 415 957 5 60 101 21 475 1,058 

Total 31 1,618 4,823 11 420 1,050 35 2,038 5,873 
First 

and fall 20 561 2,037 11 502 2,100 20 1,063 4,137 

second winter 11 1,206 4,359 4 32 125 12 1,238 4,484 

years spring 19 330 2,758 10 1,509 1,657 20 1,839 4,415 

comb. summer 24 650 3,712 6 305 570 26 955 4,282 

Total 41 2,747 12,866 16 2,348 4,452 41 5,095 17,318 


‘Total figure accounts for only one occurrence of each species. 


greater in all seasons, number of specimens was larger in 
all seasons except spring, and mass was greater in all 
seasons except fall. The seasonal patterns for the in- 
dividual years were quite similar to the preceding. 
The surf zone and tidal pool are related, but quite 
different habitats. Their ecological relationship can be 
described as that of a severe, but seasonally relatively 
stable, environment (the surf zone) with a depauperate 
fauna which “‘regularly” contributes segments of its pop- 
ulations in a partly random fashion to a transient, un- 
stable environment (the tidal pool) which reappears at 
predictable intervals unless certain conditions, whose 
appearances are largely unpredictable, intervene. 


Analysis of Abundance of Fishes 


Abundance in terms of numbers of species and 
specimens and total weight per collection was analyzed 
by season, year, and sampling location. A two-factor ran- 
domized complete-block design was used as the ex- 
perimental model for each of the dependent variables of 
interest: number of species, number of specimens, and 
total weight of fishes per collection. Analysis of variance 
was employed for each of the three dependent variables 
in testing the null hypothesis that the effects of sampling 
location (factor 1, 2 levels; surf, tidal pool), season (fac- 
tor 2, 4 levels; fall, winter, spring, summer), interaction 
between sampling location and season, and year (block, 2 
levels; October 1969 through September 1970, October 
1970 through September 1971) were nonsignificant. 
Throughout ‘‘nonsignificant’’ means P>0.05; 
“significant,” 0.01< P< 0.05; and “highly significant,” 
P<0.01. The number of collections (observations) made 
for the various treatment combinations was: 


Fall Winter Spring Summer 
Year 1: 
Surf 6 7 6 6 
Tidal pool 5 4 4 5 
Year 2: 
Surf 6 6 7 6 
Tidal pool 5 3 6 3 


It should be noted that the surf and tidal pool collections 
made on 10 October 1971 (the start of a third year) were 
not included in these analyses. Because the cell frequen- 
cies were unequal, an unweighted-means analysis was 
used as the computational procedure with the harmonic 
mean (f7,= 4.97) of the number of observations being 
used as the effective number of observations per cell for 
computation of main effects and interactions (Winer 
1962). 

One of the underlying assumptions of the analysis of 
variance is that of homogeneity of variance. Each set of 
data was examined for correlation between treatment 
means and their within-treatment variances. This ex- 
amination suggested transformations producing 
homogeneity. An analysis of variance was then con- 
ducted. 

The within-cell means and variances of the number of 
species per collection for the various treatment com- 
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binations were examined for correlations, but none were 
found. The within-cell variances for the number of 
species per collection ranged from 0.25 to 6.97. Bartlett’s 
test for homogeneity of variance gave aX? value of 11.04 
for 15 df which was not significant. We then proceeded 
with the analysis of variance on the original data, X = 
number of species of fishes per collection. 

Similar examinations were conducted for the number 
of specimens and total weight of fishes per collection. In 
both cases it was apparent that the variances were 
proportional to the means and were also heterogeneous. 
Bartlett’s test was employed to test the hypothesis of 
equal within-cell variances for both the number of 
specimens and total weight of fishes per collection. The 
results of Bartlett’s test were X*?j54, = 93.19 and 
X? isar = 99.78, respectively. Both Xx? values were highly 
significant and we therefore rejected the hypothesis of 
homogeneity. It appeared that the heterogeneity was of 
the regular type for both the number of specimens and 
total weight of fishes per collection, i.e., the variability 
within the several treatments was proportional to the 
treatment means. For this reason the logarithmic 
transformation, log (X + 1), was used to make the means 
and variances independent and to stabilize the within- 
cell variances. The logarithmic transformation was made 
on the number of specimens of fishes per collection, and 
Bartlett’s test was conducted to determine if this 
transformation homogenized the variances. The result of 
Bartlett’s test on the within-cell variances for X = log 
(number of specimens of fishes per collection + 1) was 
X‘sa¢ = 13.78. Since this was nonsignificant and it 
appeared that no relationship remained between the 
means and variances of the transformed data, we then 
conducted the analysis of variance on the transformed 
data, X = log (number of specimens of fishes per collec- 
tion + 1). The logarithmic transformation was also used 
for the total weight of fishes per collection. Bartlett’s test 
resulted in xX? |;;-, = 12.85 for the within-cell variances of 
the transformed data. This was nonsignificant and the 
analysis of variance was then conducted on the 
transformed data, X = log (total weight of fishes per 
collection + 1). 

The results of the analysis of variance for the number 
of species of fishes per collection (Table 7) indicate that 
the block or year effect is not significant. The nonsignifi- 
cant location-by-season interaction shown in Table 7 in- 
dicates that the surf and tidal pool differences in number 
of species per collection are constant across season. The 
location-by-season means of number of species of fishes 


Table 7.—Analysis of variance of X = number of species of fishes per 
collection. (* Significant, P< 0.05; ** highly significant, P< 0.01; ns 
not significant, P > 0.05.) 


Source Ss df MS F 
Blocks (years) 4.92 1 4.92 1.248 ns 
Location 124.85 1 124.85 31.669 ** 
Season 39.60 3 13.20 3.348 * 
Location by season 17.04 3 5.68 1.441 ns 
Error 299.61 76 3.94 

Total 486.02 84 


per collection averaged over both years are (number of 
collections in parentheses): 


Fall Winter Spring Summer Overall 
Surf 4.25(12) 3.31(138)  4.92(138) 6.00(12) —4.60(50) 
Tidal pool 2.70(10) —-1.00(7) 2.40(10) —2.12(8) 2.14(35) 
Overall 3.55(22)  2.50(20) 3.82(28)  4.45(20) —3.59(85) 


The surf and tidal pool collections differ significantly 
with respect to number of species per collection when 
averaged over both years and all seasons (Table 7). The 
results of the analysis of variance also indicate a signifi- 
cant seasonal effect. Student-Newman-Keuls’ test was 
used to determine which of the overall seasonal means 
were significantly different (Sokal and Rohlf 1969). The 
results indicate that only winter and summer differ 
significantly in number of species per collection; all other 
comparisons were nonsignificant. 

The results of the analysis of variance for the number 
of specimens per collection are presented in Table 8, in- 
dicating that neither the year effect nor the main effect of 
season is significant. On the other hand, both the main 


Table 8.—Analysis of variance for X = log (number of specimens of 
fishes per collection + 1). (** Highly significant, P< 0.01; ns not sig- 
nificant, P> 0.05.) 


Source Ss df MS F 
Blocks (years) 1.4906 1 1.4906 3.565 ns 
Location 3.5807 1 3.5807 8.563 ** 
Season 0.6739 3 0.2246 0.537 ns 
Location by season 6.4340 3 2.1447 5.129 ** 
Error 31.7783 76 0.4181 

Total 43.9575 84 


effect of location and the location-by-season interaction 
are highly significant. The back-transformed location- 
by-season means (means expressed in the original units 
of measurement) for both years combined are (number of 
collections in parentheses): 


Fall Winter Spring Summer 
Surf 20.66(12) 56.00(13) 18.88(13) 38.69(12) 
Tidal pool 23.02(10) 2.50(7) 18.19(10) 8.84(8) 


In view of the highly significant interaction of location 
and season, an examination of this interaction was un- 
dertaken to determine location differences within season; 
results of t-tests for surf versus tidal pool are: fall 0.16, 
P>0.05; winter 4.00, P<0.01; spring 0.06, P>0.05; 
summer 2.05, P<0.05. These single degree-of-freedom 
comparisons are not independent, but are warranted 
because the interaction is highly significant. They in- 
dicate that there is a highly significant difference 
between the average number of specimens per collection 
in the surf and the average number of specimens per 
collection in the tidal pool for those collections made in 
winter, a significant difference for summer, and a non- 
significant difference for both fall and spring. 

Table 9 gives the results of the analysis of variance for 
total weight per collection which indicate a highly 
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Table 9.—Analysis of variance for X = log (total weight of fishes per 
collection + 1). (*Significant, P< 0.05; **highly significant, P< 0.01; 
ns not significant, P > 0.05.) 


Source SS df MS F 
Blocks (years) 4.4421 1 4.4421 8.288 ** 
Location 12.5504 1 12.5504 23.416 ** 
Season 1.2729 3 0.4243 0.792 ns 
Location by season 5.8823 3 1.9608 3.658 * 
Error 40.7355 76 0.5360 

Total 64.8832 84 


significant difference between years for the total weight 
of fishes per collection. This is due in part to the capture 
during the first year of 20 Mugil cephalus with a total 
weight in excess of 1.5 kg and a single specimen of 
Pogonias cromis which weighed more than 1.2 kg. A 
variation in seining technique (see section on Materials 
and Methods) may have contributed to the capture of 
these large specimens because two short tows may have 
been more effective in collecting large individuals than a 
single long tow. The main effect of season is not signifi- 
cant. Both the main effect of location and the location- 
by-season interaction were found to be significant. The 
back-transformed location-by-season means (in grams) 
for both years combined are (number of collections in 
parentheses): 


Fall Winter Spring Summer 
Surf 75.87(12) 184.60(13)  101.24(13) 146.66(12) 
Tidal pool 59.56(10) 5.84(7) 22.37(10) 11.34(8) 


Single degree-of-freedom comparisons of location 
differences within season show that the surf does not 
differ significantly from the tidal pool for those collec- 
tions made in the fall, but surf and tidal pool collections 
differ significantly for each of the other seasons with 
respect to the average total weight of fishes per collection 
(results of t-tests are: fall 0.33, P>0.05; winter 4.18, 
P< 0.01; spring 2.08, P< 0.05; summer 3.23, P< 0.01). 


Ranking of Species 


The more common species (represented by at least 100 
specimens) were Arenaeus cribrarius, Anchoa mitchilli, 
Fundulus majalis, Menidia menidia, Trachinotus 
carolinus, Menticirrhus littoralis, and Mugil curema. 
The six species of fishes accounted for 94% of the 
specimens of fishes collected (4,767 of 5,095) and 72% of 
the ichthyomass (12,406 of 17,318 g). One species, 
Areneaus cribrarius, made up 82% of the swimming in- 
vertebrate specimens (422 of 512) and 75% of the mass of 
swimming invertebrates (3,218 of 4,300 g). These species 
were ranked to determine their relative importance. Of 
the seven most important species, one (F. majalis) was 
not a significant part of the catch in the surf, and three 
(A. cribrarius, A. mitchilli, and M. littoralis) were of lit- 
tle consequence in the tidal pool. 

We developed a seasonal index to allow ordering of 
species by seasonal occurrence. It is defined as: 


D; C; 


4 
Seasonal index = 1 + log N° > 


fe 12h 
where N = total number collected, 
D; = days collected in the ith season, 
C; months collected in the 7th season, 
M; = number of months in the it season. 


Although arbitrary in its design, this index does 
contain the elements implicit in the meaning of 
seasonality, and the lower the seasonal index for a 
species the more seasonal is its occurrence. 

Species were ranked by number of specimens, frequen- 
cy of appearance (number of days collected), weight, and 
seasonality (seasonal index). For each of these categories 
the values were ordered and the highest value was given a 
rank of one, the second highest a rank of two, etc. In 
determining rank of importance, the individual ranks for 
each species were weighted equally and summed. The 
ordered sums were then ranked as “‘importance”’ (Table 
10). In the surf and tidal pool combined, M. menidia was 
the most important species, followed by A. cribrarius, T. 
carolinus, M. littoralis and M. curema, A. mitchilli, and 
F. majalis. 


Relationships Between Environmental 
Variables and Occurrence 


A major objective of this study was to determine the 
relationships of the occurrence of the fauna to certain en- 
vironmental variables using multiple regression techni- 
ques. The collections made in the surf were chosen for 
more detailed analyses. Effects of environmental 
variables on collections made in the tidal pool were not 
examined because conditions at the time of pool forma- 
tion were not known. 

Five of the most important species in the surf were 
selected to determine which environmental variables are 
important to their occurrence. The species chosen were 


Arenaeus cribrarius, Anchoa mitchilli, Menidia menidia, 
Trachinotus carolinus, and Menticirrhus littoralis. Mugil 
curema was not chosen because it was present in only 9 of 
the 51 surf collections. Five variables (duration of effort, 
water temperature, salinity, height of sea, and visibility 
of Secchi disc) were chosen for analysis. We used 
stepwise regression techniques to choose the “best” 
equation (Draper and Smith 1966) for each of the five 
selected species in the following manner: 


1. Occurrence was plotted versus environmental 
variables and the data were linearized, where 
necessary; 

2. Simple correlation coefficients between occurrence 
and the environmental variables were computed; 

3. Using the multiple regression model, Y=8 +6, Z,+ 
B,Z, +...+Bp Zp +e, where Y = occurrence, and 
Z; is some function of one of the five selected en- 
vironmental variables, X,, X,,..., X,, a stepwise 
regression was preformed to identify those 
parameters which account for the attributable 
variations in the model; and 

4. For each final regression equation residuals were 
analyzed. 


Variation within months, which we did not consider 
significant, was removed by using monthly averages for 
all data. Only temperature showed a marked seasonal 
effect. The mean number of specimens per collection was 
plotted for each species versus mean water temperature 
(by months). The pattern for A. cribrarius (Fig. 1) was 
typical of all species except M. menidia (Fig. 2). Menidia 
menidia was much more abundant at the lower water 
temperatures, while the converse was true for the other 
species. Figures 1 and 2 indicate the possible utility of 
the square of water temperature as an additional in- 
dependent variable because the relationships appear to 
be curvilinear functions. 


Table 10.—Rank of the seven most important species collected during Folly Beach survey (Oct. 1969-Oct. 1971). Ranks are in 
parentheses. Appearance equals number of days collected (because of this the number of days collected in surf and tidal pool 
combined does not equal number of days collected in surf plus number of days collected in tidal pool). 


Appear- Weight Seasonal Sum of Impor- 
Species Number ance (g) index ranks tance 
Surf: Menidia menidia 1,485(1) 36(1) 4,025(1) 109.7(1) 4 1 
Arenaeus cribrarius 417(2) 32(3) 3,209(2) 76.6(2) 9 2 
Mentictrrhus littoralis 291(4) 34(2) 831(5) 72.9(3) 14 3 
Anchoa mitchilli 362(3) 29(4.5) 350(6) 63.7(4) 17.5 4 
Trachinotus carolinus 266(5) 29(4.5) 1,018(4) 62.0(5) 18.5 5 
Mugil curema 121(6) 9(6) 2,591(3) 11.7(6) 6 
Tidal pool: Menidia menidia 630(2) 18(1) 2,201(1) 31.2(1) 5 1 
Trachinotus carolinus 710(1) 13(3) 501(3) 21.8(2) 9 2 
Fundulus majalis 341(4) 15(2) 734(2) 20.9(3) 11 3 
Mugil curema 545(3) 7(4) 118(4) 8.5(4) 15 4 
Surf and Menidia menidia 2,115(1) 40(1) 6,226(1) 126.9(1) 4 1 
tidal pool Arenaeus cribrarius 422(4) 35(2) 3,218(2) 76.7(2) 10 2 
combined: Trachinotus carolinus 976(2) 29(5) 1,519(4) 76.2(3) 14 3 
Menticirrhus littoralis 294(7) 34(3) 843(5) 73.0(4) 19 4.5 
Mugil curema 666(3) 14(7) 2,709(3) 29.2(6) 19 4.5 
Anchoa mitchilli 372(5) 30(4) 365(7) 66.5(5) 21 6 
Fundulus majalis 344(6) 16(6) 744(6) 23.0(7) 25 7 
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Figure 1.—Mean number of Arenaeus cribrarius per collection ver- 
sus mean water temperature for surf collections (by months). 


Simple correlation coefficients of monthly averages of 
environmental variables and monthly average number of 
specimens per collection in the surf are given in Table 11. 
Water temperature and its square correlated significant- 
ly with number of specimens for all species. Height of sea 
was significantly correlated with occurrence for A. 
mitchilli and M. littoralis. A significant negative correla- 
tion existed between salinity and number of specimens 
for M. menidia. No other correlations were significant. 

Stepwise regression was then undertaken for each 
species. The list of variables and notation used is con- 
tained in Table 12. In addition to the stepwise procedure, 
all independent variables were forced to enter the equa- 
tion (forward selection) to assess the percentage reduc- 
tion of the sum of squares of deviations of Y from its 
mean attributed to regression. A 

An examination of residuals (e; = Y; — Y;) was con- 
ducted using the methods of Draper and Smith (1966). In 
conducting the regression analyses, assumptions were 
made about e; : errors were independent, had zero mean 
and a constant variance, and followed a normal distribu- 
tion. Residuals were examined to see if these assump- 
tions were violated and to suggest possible transfor- 
mations of the variables (e.g., squares and cross products 
of the independent variables). Residuals for the final 
equations selected for each species were plotted overall, 
in time sequence, against the fitted values Y,, and 
against the independent variables X Gis LOLI Lorene; 
k. Our assumptions apparently were not violated, with 
one exception. There appeared to be a time sequence 
effect for some species when the residuals were ordered 


200 
Y =234.31-20.11x4+0.43x" 


x 
S 
= 2 
NW 160 R’ =0.59 
SS 
x 
$ 120 
Wy 
SS 
5 80 
fia 
W 
ao 
= 40 
=) 
2 
{0} 
5.0 10.0 15.0 20.0 25.0 30.0 


WATER TEMPERATURE (°C) 


Figure 2.—Mean number of Menidia menidia per collection versus 
mean water temperature for surf collections (by months). 


Table 12.—List of variables and notation for stepwise multiple 
regression. 


Response variables 


Monthly average number of Independent variables 


specimens per collection Monthly average 
in the surf in the surf 
Y, Arenaeus cribrarius X, duration of effort (min) 
Y, Anchoa mitchilli X, water temperature (°C) 
Y3 Menidia menidia X, salinity (°/o0) 
Y, Trachinotus carolinus X, height of sea (m) 
Y,; Menticirrhus littoralis X, visibility of Secchi disc (m) 
X« square of water temperature 


by month, i.e., long runs of positive residuals followed by 
runs of negative residuals. A one-sample runs test was 
used to examine this time sequence effect. Results were 
not significant. It was concluded that our final equations 
did not violate the assumptions and no other transfor- 
mations seemed relevant. 

The summary statistics for the forward selection of six 
independent variables are given in Tables 13 through 17 
along with the final equation selected by the stepwise 
procedure. 

Water temperature (or the square of water 
temperature) was more highly correlated with occurrence 
than any of the other independent variables (Table 11). 
The stepwise procedure was modified to enter water 
temperature before its square. This modification had lit- 
tle effect on the results because the correlation between 
water temperature and its square was high (r = 0.992). 


Table 11.—Simple correlation coefficients of monthly averages (N = 24) of environmental variables 
and monthly average number of specimens per collection in the surf for five selected species. (*Sig- 
nificant correlation, P< 0.05; **highly significant correlation, P< 0.01.) 


Water Visibility | Square of 
temper- Height of water 
Duration ature Salinity of sea Secchi disc temperature 
Species (min) (°C) (%o) (m) (m) (°C)? 
Arenaeus cribrarius 0.080 0.683** 0.275 0.296 0.082 0.706** 
Anchoa mitchilli —0.104 0.405* 0.242 0.402* —0.329 0.405* 
Menidia menidia —0.232 =Ornle —0.495* —0.167 0.056 —0.667** 
Trachinotus carolinus 0.237 0.657** 0.370 0.002 0.149 0.674** 
Menticirrhus littoralis —0.219 0.497* 0.208 0.464* —0.113 0.506* 
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Table 13.—Summary statistics for forward selection of six 
independent variables for Arenaeus cribrarius (Y, 
variable; R = correlation coefficient). (**Highly significant, P<0.01; 


ns not significant, P>0.05.) 


= response 


Table 16.—Summary statistics for forward selection of six 
independent variables for Trachinotus carolinus (Y, = response 
variable; R = correlation coefficient). (**Highly significant, P< 0.01; 


ns not significant, P > 0.05.) 


Step Variable Multiple Increase Partial Step Variable Multiple Increase Partial 
number _ entered R R in R? F-test number _ entered R R? in R? F-test 
1 X, 0.6830 0.4665 0.4665  19.2372** 1 X, 0.6569 0.4315 0.4315 — 16.7013** 

2 X, 0.7199 0.5182 0.0517 2.2557 ns 2 X,4 0.7115 0.5063 0.0747 3.1787 ns 

3 Xx, 0.7273 0.5290 0.0107 0.4558 ns 3 Xe 0.7348 0.5399 0.0337 1.4634 ns 

4 X; 0.7301 0.5330 0.0040 0.1627 ns 4 X, 0.7392 0.5464 0.0064 0.2698 ns 

5 X; 0.7309 0.5343 0.0013 0.0494 ns 5 X; 0.7414 0.5497 0.0034 0.1340 ns 

6 X4 0.7310 0.5343 0.0000 0.0011 ns 6 X, 0.7415 0.5498 0.0001 0.0029 ns 


Step 1 prediction equation: Y,= —12.2821 + 1.1120 X_ 


Table 


nificant, P > 0.05.) 


14.—Summary statistics for forward selection of six 
independent variables for Anchoa mitchilli (Y, = response variable; 
R = correlation coefficient). (*Significant, P< 0.05; ns not sig- 


Step Variable Multiple Increase Partial 
number _ entered R R? in R? F-test 
1 X> 0.4046 0.1637 0.1637 4.3065* 
2 Xs 0.5740 0.3295 0.1658 5.1926* 

3 XG, 0.6063 0.3675 0.0380 1.2030 ns 

4 X3 0.6249 0.3905 0.0230 0.7159 ns 

5 X, 0.6558 0.4301 0.0396 1.2519 ns 

6 X— 0.6596 0.4350 0.0049 0.1471 ns 


Step 2 prediction equation: Y,= 


7.3141 + 0.7816 X, — 34.4694 X, 


Table 15.—Summary sstatistics for forward selection of six 
independent variables for Menidia menidia (Y, = response variable; 
R = correlation coefficient). (*Significant, P< 0.05; **highly sig- 
nificant, P < 0.01; ns not significant, P > 0.05.) 


Step Variable Multiple Increase Partial 
number __ entered R R? in R? F-test 
1 X, 0.7105 0.5048 0.5048  22.4299** 

2 X, 0.7694 0.5920 0.0872 4.4892* 

3 X, 0.8409 0.7070 0.1150 7.8503* 
4 Xe 0.8553 0.7316 0.0246 1.7395 ns 
5 DG 0.8619 0.7430 0.0113 0.7943 ns 
6 X, 0.8624 0.7437 0.0007 0.0494 ns 


Step 3 prediction equation: 
%,= 566.8066 — 23.2452 X, — 10.3017 X, + 0.5368 X, 


The final regression equation for M. menidia contained 
water temperature, the square of water temperature, and 
salinity as predictor variables. Water temperature ac- 
counted for 50% of the variation in Y due to regression 
(R? = 0.50). The addition of salinity and the square of 
water temperature as independent variables increased R? 
to 71%. Forcing the addition of the remaining variables 
increased R? to only 74%. For all other species, except A. 
mitchilli, water temperature was the only variable 
selected. The final regression equation selected for A. 
mitchilli contained water temperature and visibility of 
Secchi disc as independent variables. The best fit (R*) 
was obtained for M. menidia (R? = 0.71), followed by A. 
cribrarius (R? = 0.47), T. carolinus (R? = 0.43), A. 
mitchilli (R? = 0.33), and M. littoralis (R? = 0.25). 
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Step 1 prediction equation: Y, = —7.6441 + 0.7025 X, 


Table 


significant, P > 0.05.) 


17.—Summary statistics for forward selection of six 
independent variables for Menticirrhus littoralis (Y; = response 
variable; R = correlation coefficient). (*Significant, P< 0.05; ns not 


Step Variable Miultiple Increase Partial 
number __ entered R R? in R? F-test 
1 X, 0.4969 0.2469 0.2469 7.2144* 
2 >. 0.5909 0.3492 0.1022 3.2991 ns 
3 X, 0.6372 0.4060 0.0568 1.9124ns 
4 X,; 0.6697 0.4485 0.0426 1.4664ns 
5 Xie 0.6835 0.4672 0.0187 0.6313 ns 
6 Xs 0.6993 0.4890 0.0218  0.7249ns 


Step 1 prediction equation: Ye —4.6371 + 0.5718 X, 


Ordering the regression equations on the basis of R? for 
the five selected species resulted in the same ranking as 
the “importance” for surf and tidal pool combined 
(Table 10) with the exception of a reversal of order 
between A. mitchilli and M. littoralis. 

Livingston et al. (1976) performed similar regression 
analyses for species collected in a study of Apalachicola 
Bay, Fla. The only species analyzed in both their study 
and ours was Anchoa mitchilli. Of the independent 
variables examined for this species by Livingston et al. 
only chlorophyll a and visibility of Secchi disc were 
significant contributors to R? (with chlorophyll a being 
more important). Their R? for A. mitchilli was 0.38. 
Clarity of water (by visibility of Secchi disc), then, is an 
important factor in determining the presence of A. 
mitchillt. 


Annotated List of Selected Species 


The seven species included in the section on ranking 
and several others are considered below in some detail. 
Temperature and salinity ranges for these species are 
presented in Table 3; and numbers and size ranges by 
month are given in Table 4. 

Arenaeus cribrarius (Lamarck) (Crustacea, Decapoda, 
Portunidae). This species was collected in spring, 
summer, and fall of both years and in winter (one 
specimen in March) of the second year. In 35 collections 
(32 from the surf and 3 from the tidal pool), 422 
specimens of 7 to 141 mm CW (417, 7-141 mm CW, from 
the surf and 5, 17-59 mm CW, from the tidal pool) of A. 


cribrarius weighing 3,218 g (3,209 from the surf and 9 
from the tidal pool) were captured. The relationship of 
mean number per collection and mean station water 
temperature (in the surf by months) is shown in Figure 1; 
and carapace width frequency data for tidal pool and surf 
combined, in Table 18. Ovigerous females were collected 
as early as mid-June and recently spawned ones as late 
as mid-September. These data, along with the presence 
of small individuals (20 mm CW or smaller) from May 
through October, show that A. cribrarius has a prolonged 
spawning period. 

Alosa aestivalis (Mitchill) (Clupeidae). In five collec- 
tions (all from the surf), 22 specimens of 42 to 62 mm SL 
of Alosa were collected. As Berry (1964) pointed out, it is 
difficult to identify small specimens of Alosa using any 
description or key. The characters which appear to be 
most useful in identifying the species of the Atlantic 
drainage (A. sapidissima, A. mediocris, A. aestivalis, and 
A. pseudoharengus) are the number of gill rakers cn the 
lower limb of the anterior gill arch and total number of 
vertebrae (Hildebrand 1963; Berry 1964). Our specimens 
have lower-limb gill raker counts of 36 to 41 (% = 37.82) 
and vertebral counts of 49 to 51 ( = 50.00). The high gill 
taker counts eliminate Alosa mediocris and the low 
vertebral counts remove A. sapidissima from further con- 
sideration. According to Hildebrand (1963), Alosa 
aestivalis has 49 to 53 vertebrae, whereas A. 
pseudoharengus has 46 to 50. Both A. aestivalis and A. 
pseudoharengus show an increase in number of gill rakers 
with growth until adult sizes are reached (Hildebrand 
1963). Hildebrand (1963) gave lower-limb gill raker 
counts as follows: A. aestivalis, specimens of 30 to 49 mm 
SL—28 to 36, specimens of 50 to 69 mm SL—30 to 39; A. 
pseudoharengus, specimens of 30 to 49 mm SL—25 to 33, 
specimens of 50 to 69 mm SL—82 to 36. Our material, 


then, is more similar to Alosa aestivalis (Mitchill) than 
to Alosa pseudoharengus (Wilson). We have, therefore, 
considered our specimens of Alosa as A. aestivalis. 

Dorosoma petenense (Giinther) (Clupeidae). One 
specimen of 73 mm SL of Dorosoma petenense was 
collected in the surf on 24 August 1970. Although D. 
petenense has been introduced into freshwater reservoirs 
in the southeast, we have found no record published prior 
to 1974 of its occurring in the estuarine or marine waters 
of South Carolina. According to Miller (1963), it has 
been collected from the Gulf Coast of the United States 
and southward to northern Guatemala and British Hon- 
duras. Donald C. Scott (University of Georgia) stated 
(pers. commun.) that in addition to its having been in- 
troduced into reservoirs in Georgia, there was a native 
stock of D. petenense present at least as far back as 1955 
in the Satilla River which drains into the Atlantic, and, 
at present, it is widespread along the coast having been 
taken in beach collections at Sapelo and near Brunswick 
and Savannah. Miller and Jorgenson (1969) reported this 
species from collections made in the surf at St. Simons 
Island, Ga. In addition to the specimen collected at Folly 
Beach, one was collected on 9 February 1970 near Dewees 
Inlet at the northeast end of the Isle of Palms, in 
Charleston County (lat. 32°48.8'N, long. 79°43.0'W). 
Shealy et al. (1974) collected numerous specimens in 
1973-74 during a survey of South Carolina’s estuaries. 

Anchoa mitchilli (Valenciennes) (Engraulidae). This 
species was collected in all seasons of both years, least 
commonly in winter. In 30 collections (29 from the surf 
and 1 from the tidal pool), 372 specimens of 20 to 60 mm 
SL (362, 20-60 mm SL, from the surf and 10, 47-58 mm 
SL, from the tidal pool) of A. mitchilli weighing 365 g 
(350 from the surf and 15 from the tidal pool) were 
collected. 


Table 18.—Carapace width frequencies (%) by month for Arenaeus cribrarius collected in tidal pool and surf combined during the Folly Beach 
survey. One specimen of 140.8 mm CW, collected in August 1971, is denoted by an asterisk. 


Carapace width (mm) 


Month 1-10 11-20 21-30 31-40 41-50 51-60 61-70 71-80 81-90 91-100 101-110 111-120 121-130 131-140 N 

1969 
Oct. 13.0 34.8 4.3 8.7 17.4 4.3 13.0 4.3 23 
Nov. 50.0 50.0 2 

1970 
Apr. 100.0 1 
May 12.5 25.0 12.5 12.5 25.0 12.5 8 
June 1.7 15.3 42.4 23.7 3.4 11.9 1.7 59 
July 25.0 12.5 25.0 12.5 12.5 12.5 8 
Aug. 4.4 86.8 8.8 91 
Sept. 11.1 33.3 44.4 11.1 9 
Oct. 27.3 27.3 18.2 9.1 9.1 9.1 ll 
Nov. 100.0 1 

1971 
Mar. 100.0 1 
Apr. 41.7 33.3 8.3 8.3 8.3 12 
May 20.0 6.7 13.3 60.0 15 
June 46.7 20.0 6.7 20.0 6.7 15 
July 20.4 51.0 10.2 10.2 2.0 4.1 2.0 49 
Aug. 60.0 20.0 5.7 2.9 2.9 2.9 2.9 219% 35 
Sept. 4.3 6.5 50.0 23.9 2.2 2.2 2.2 2.2 2.2 2.2 2.2 46 
Oct. 3.2 12.9 12.9 35.5 12.9 12.9 6.5 3.2 _31 
417 


Fundulus majalis (Walbaum) (Cyprinodontidae). 
Although this species was collected in all seasons of both 
years except the spring of the second year, 71% of the 
specimens were obtained during the summer. In 18 
collections (3 from the surf and 15 from the tidal pool), 
344 specimens of 26 to 84 mm SL (3, 38-67 mm SL, from 
the surf, and 341, 26-84 mm SL, from the tidal pool) of F. 
majalis weighing 744 g (10 from the surf and 734 from the 
tidal pool) were collected. 

Menidia spp. (Atherinidae). Rubinoff and Shaw (1960) 
separated Menidia beryllina (Cope) collected in 
Massachusetts from M. menidia (Linnaeus) collected in 
Massachusetts and New York mainly on the basis of 
number of soft rays in the anal fin. Their 251 specimens 
of M. beryllina had a range of 14 to 19, usually 15 to 17, 
anal soft rays (x = 15.6), whereas their 134 specimens of 
M. menidia had a range of 20 to 29, usually 22 to 25 (% = 
23.5). In Rubinoff and Shaw’s collections only one 
specimen had 19 anal soft rays and only one had 20. They 
assigned these specimens to species on the basis of size 
and total number of lateral scales. 

Robbins (1969) examined M. beryllina collected from 
Massachusetts to Vera Cruz, Mexico, and M. menidia 
from Prince Edward Island to northeastern Florida. In 
1,952 specimens of M. beryllina, he found a range of 12 to 
21, usually 15 to 18, anal soft rays (¥ = 16.37), and in 
1,504 specimens of M. menidia a range of 19 to 29, usually 
21 to 26 (x = 23.60). 

The distribution of counts of anal soft rays for 1,658 of 
our 2,141 specimens of Menidia is: 


N % 
16 1 0.1 
17 0 0.0 
18 3 0.2 
19 16 1.0 
20 94 5.7 
21 292 17.6 
22 511 30.8 
23 415 25.0 
24 223 13.4 
25 85 5.1 
26 16 1.0 
27 1 0.1 
28 1 0.1 


Because the distribution appears almost normal there 
may be only one species of this genus represented in our 
collections. A contrary interpretation, and the one that 
we prefer, is that both Menidia beryllina and M. menidia 
are present, but due to overlap in ranges of counts of anal 
soft rays there is no clear line of demarcation between the 
species using this character. On a number of specimens, 
representing the entire range of counts of anal fin rays 
recorded, we counted total vertebrae and lateral scales. 
These counts were of little help in separating the two 
species. Weighing the preceding, we arbitrarily con- 
sidered specimens of Menidia with 19 or fewer anal soft 
rays as M. beryllina and those with 20 or more as M. 
menidia. 

In 14 collections (10 from the surf and 4 from the tidal 
pool), 26 specimens of 46 to 75 mm SL (22, 52-75 mm SL, 
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from the surf and 4, 46-65 mm SL, from the tidal pool) of 
M. beryllina weighing 53 g (44 from the surf and 9 from 
the tidal pool) were obtained. This species was collected 
in the autumn and winter of both years and in the spring 
of the first year. 

In 54 collections (36 from the surf and 18 from the tidal 
pool), 2,115 specimens of 21 to 89 mm SL (1,485, 21-89 
mm SL, from the surf and 630, 31-86 mm SL, from the 
tidal pool) of M. menidia weighing 6,226 g (4,025 from 
the surf and 2,201 from the tidal pool) were obtained. 
This species was collected in all seasons of both years. 
However, 53% of the specimens were seined in winter and 
less than 0.5% in summer. The relationship of mean 
number per collection and mean station water 
temperature (in the surf by months) is shown in Figure 
2. Small individuals of M. menidia utilize habitats other 
than those of the surf zone. Only about 0.4% of the 
specimens collected were 50 mm SL or smaller (Table 
19). We do not believe that the virtual absence of M. 
menidia less than 50 mm SL is an artifact of the collec- 
ting method because we collected numbers of small in- 
dividuals of similarly shaped species. Ripe individuals 
were noted from late March to early June. Cupka (1972) 
found sexually mature specimens from mid-March 
through early June. 


Trachinotus carolinus (Linnaeus) (Carangidae). This 
species was collected in both years in all seasons except 
winter, but 68% of the specimens were seined in the spring 
of the first year. Most of those caught in that season 
were less than 30 mm SL and from the tidal pool (Table 
20). Almost 61% of the total number were obtained from 
the tidal pool on two successive collecting days in June 
1970. A prolonged spawning period is indicated for this 
species because small specimens (22 mm SL or smaller) 
were caught from mid-April through late October 
(specimens 14 mm SL or smaller in April, May, June, 
September, and October). This is similar to the findings 
of several other authors (Fields 1962; Finucane 1969; 
Bellinger and Avault 1970; Cupka 1972). In 42 collections 
(29 from the surf and 13 from the tidal pool), 976 
specimens of 12 to 93 mm SL (266, 12-93 mm SL, from 
the surf and 710, 12-66 mm SL, from the tidal pool) of T. 
carolinus weighing 1,519 g (1,018 from the surf and 501 
from the tidal pool) were obtained. 


Menticirrhus littoralis (Holbrook) (Sciaenidae). 
Although this species was collected in all seasons of both ~ 
years, 62% of the specimens were obtained in summer, 
but only about 3% in winter. In 36 collections (34 from 
the surf and 2 from the tidal pool), 294 specimens of 19 to 
149 mm SL (291, 19-149 mm SL, from the surf and 3, 31- 
76 mm SL, from the tidal pool), of M. littoralis weighing 
843 g (831 from the surf and 12 from the tidal pool) were 
collected. Hildebrand and Cable (1934) suggested that 
spawning starts near Cape Lookout, N.C., no later than 
1 May and continues into August. The capture of in- 
dividuals measuring less than 30 mm SL from June 
through November during our survey indicates a similar 
situation off South Carolina with spawning probably ex- 
tending into September (Table 21). Tagatz and Dudley 


Table 19.—Standard length frequencies (%) by month for Menidia menidia collected in the tidal pool (T) and surf (S) 
during the Folly Beach survey. 


Standard length (mm) 
21-30 41-50 51-60 61-70 71-80 81-90 
Month - S ae S) a S T S) Ty iS) aT Ss N 
1969 
Oct. 11 50.0 al 37.5 6.8 3.4 88 
Nov. 6.3 14.1 15.6 53.1 10.9 64 
Dec. 1.3 3.1 38.6 14.9 31.6 5.3 3.9 0.9 0.4 228 
1970 
Jan. 1.0 1.0 36.9 1.0 51.5 1.9 5.8 1.0 103 
Feb. 20.8 67.3 11.9 101 
Mar. 3.8 1.3 46.5 1.9 44.6 1.9 157 
Apr. 2.8 36.1 61.1 36 
May 3.1 42.0 0.8 51.1 0.4 2h 262 
June 43.8 12.5 31.2 6.3 6.3 16 
July 50.0 25.0 25.0 4 
Aug. 100.0 1 
Oct. 100.0 2 
Nov. 11.4 1.6 51.6 3.8 26.6 3.3 1.6 184 
Dec. 35.3 55.9 7.4 1.5 67 
1971 
Jan. 0.3 49.1 1.9 40.9 2.5 5.0 0.3 320 
Feb. 10.6 57.5 30.5 1.4 367 
Mar. 23.2 60.9 15.9 69 
Apr. 4.5 4.5 36.4 9.1 40.9 4.5 22 
May 20.0 26.7 33.3 20.0 15 
June 25.0 25.0 50.0 4 
Sept. 100.0 1 
Oct. 50.0 50.0 aes) 
2,113 


(1961) also reported specimens of similar size taken from 
June through November near Cape Lookout, N.C. 
Muzgil cephalus Linnaeus (Mugilidae). Although this 
species was collected in fall (1969), winter (1970 and 
1971), spring (1971), and summer (1970), most specimens 
were collected in winter (27%) and spring (64%). In 11 


collections (8 from the surf and 3 from the tidal pool), 
73 specimens of 17 to 328 mm SL (26, 25-229 mm SL from 
the surf and 47, 17-328 mm SL from the tidal pool) of 
M. cephalus weighing 2,426 g (1,786 from the surf and 
640 from the tidal pool) were obtained. Even though 
Mugil cephalus outranks four of the seven most impor- 


Table 20.—Standard length frequencies (%) by month for Trachinotus carolinus collected in the tidal pool (T) and surf (S) during the Folly 


Beach survey. 


Standard length (mm) 


11-20 21-30 31-40 41-50 51-60 61-70 71-80 81-90 91-100 
Month T S T s T Ss T Ss Ty s ae Ss Ss Ss Ss N 
1969 
Oct. 1B BY 8.0 17.3 5.3 6.7 6.7 9.3 5iSimno3 2.7 1.3 75 
Nov. 50.0 50.0 2 
1970 
May 5.6 56) 55.5 2211 5.6 5.6 18 
June 37.3 0.3 36.5 171310 FD 3.1 2.0 17 0.9 2.0 0.2 646 
July Z10N e212 21.2 3.0 36.4 3.0 9.1 3.0 33 
Aug. 5.9 29.4 59 11.8 8.8 14.7 8.8 11.8 2.9 34 
Sept. 37.5 12.5 25.0 12.5 12.5 8 
Oct. 25.0 5iGue 33:3he dal 13.9 5.6 2.8 2.8 36 
Nov. 71 28.6 71 42.9 14.3 14 
1971 
Apr. 100.0 1 
May 12.5 62.5 25.0 8 
June 41 2.0 8.2 18.4 38.8 22.4 6.1 49 
July 26.9 23.1 38.5 11.5 26 
Aug. 27.3 27.3 9.1 18.2 9.1 9.1 ll 
Sept. 20.0 20.0 20.0 20.0 20.0 5 
Oct. 444 111 11.1 22.2 11.1 9 
975 
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Table 21.—Standard length frequencies (%) by month for Menticirrhus littoralis collected in the surf during the Folly Beach survey. 


Standard length (mm) 
Month 11-20 21-30 31-40 41-50 51-60 61-70 71-80 81-90 91-100 101-110 111-120 141-150 N 
1969 
Oct. 16.7 27.8 22.2 16.7 5.6 11.1 18 
Nov. 50.0 50.0 2 
1970 
Jan. 100.0 1 
Apr. 100.0 1 
June 12.5 50.0 25.0 12.5 8 
July 50.0 50.0 2 
Aug. 21.1 21.1 36.8 10.5 10.5 19 
Sept. 25.0 8.3 33.3 8.3 8.3 16.7 12 
Oct. 11.1 33.3 33.3 22.2 9 
Nov. 37.0 33.3 18.5 7.4 Ghy/ 27 
Dec. 60.0 20.0 20.0 5 
1971 
Feb. 25.0 25.0 25.0 25.0 4 
Mar. 20.0 60.0 20.0 5 
Apr. 23.5 11.8 23.5 5.9 17.6 11.8 5.9 17 
May 100.0 1 
June 25.0 50.0 25.0 4 
July 3.6 23.6 30.9 18.2 5.5 10.9 3.6 1.8 1.8 55 
Aug. 17.1 2219) 42.9 11.4 2.9 29 35 
Sept. 11.9 23.7 30.5 20.3 8.5 5.1 59 
Oct. 14.3 71.4 14.3 prea 
291 


tant species in weight (Table 10), it was not considered 
with that group because it was represented by a relative- 
ly small number of specimens. 

Mugil curema Valenciennes (Mugilidae). This species 
was collected in both years in all seasons except winter. 
Seventy-nine percent of the specimens (all less than 30 
mm SL) were caught in the first spring, whereas 15% 
(most between 86 and 130 mm SL) were caught during 
the first summer (Table 22). In 16 collections (9 from the 
surf and 7 from the tidal pool), 666 specimens of 19 to 
130 mm SL (121, 22-130 mm SL, from the surf and 545, 
19-73 mm SL, from the tidal pool) of M. curema weighing 


2,709 g (2,591 from the surf and 118 from the tidal pool) 
were obtained. 

Paralichthys squamilentus Jordan and Gilbert 
(Bothidae). This species was collected in spring of both 
years (89% of total), summer of the second year, and in 
October 1971. In 10 collections (9 from the surf and 1 
from the tidal pool), 19 specimens of 34 to 115 mm SL 
(17, 34-115 mm SL, from the surf and 2, 44-58 mm SL, 
from the tidal pool) of P. squamilentus weighing 82 g 
(76 from the surf and 6 from the tidal pool) were 
collected. Bearden (1971) noted that few records of 
juvenile Paralichthys squamilentus have appeared in the 


Table 22.Standard length frequencies (%) by month for Mugil curema collected in the tidal pool (T) and surf (S) during the Folly Beach survey. 


Standard length (mm) 


11-20 21-30 61-70 71-80 81-90 91-100 101-110 111-120 121-130 
Month dt T Ss Ss rT Ss Ss s Ss Ss Ss N 
1969 
Oct. 100.0 1 
1970 
May 23.5 76.5 34 
June 0.8 99.2 492 
July 5.0 75.0 10.0 10.0 20 
Aug. 100.0 3 
Sept 2.7 36.0 41.3 18.7 1.3 75 
Oct. 8.3 25.0 45.8 12.5 8.3 24 
1971 
Apr. 100.0 2 
May 100.0 2 
July 100.0 6 
Aug. 66.7 33.3 6 
Oct. 100.0 aril 
666 
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literature. He reported 60 juvenile specimens (25-88 mm 
SL) of P. squamilentus caught in shallow water (0.3-1.3 
m) at nine open ocean beach stations in South Carolina 
in May and June 1969. Cupka (1972) collected two 
specimens (56-97 mm SL, one in May 1971 and one in 
August 1971) from the surf zone in South Carolina. 
Bearden (1971) offered two possible explanations for the 
appearance of P. squamilentus off the beaches of South 
Carolina in 1969: 1) 1969 may have been a year when 
spawning was unusually successful, or 2) the juveniles of 
P. squamilentus may have been misidentified or 
overlooked previously. Because we collected juveniles of 
P. squamilentus in the two succeeding years, the 
appearance of juveniles of this species in 1969 does not 
seem unusual. A more plausible interpretation of the 
data is that the apparent absence of juveniles of P. 
squamilentus in the waters of South Carolina before 1969 
is the result for the most part of inadequate collecting. 

Sphoeroides spengleri (Bloch) (Tetraodontidae). One 
specimen, 16 mm SL, of S. spengleri was collected from 
the surf on 10 October 1971. Shipp and Yerger (1969) 
stated that S. spengleri is ‘“Widespread in the western 
Atlantic and adjacent waters, in shallow water.” Our 
specimen was identified by Robert L. Shipp (University 
of South Alabama) who wrote one of us (24 March 1972) 
that S. spengleri wanders as far north as Massachusetts 
and is fairly common at Bermuda, but to his knowledge 
this is the first record from South Carolina. 

Chilomycterus ? (Diodontidae). Two specimens, 12 to 
16 mm SL, of a diodontid were collected from the surf on 
16 July 1971 after the passage of a tropical storm. These 
fish resemble Lyosphaera globosa as shown in pl. 267 of 
Jordan and Evermann (1900). According to Fraser- 
Brunner (1943), Lyosphaera is a junior synonym of 
Chilomycterus. 


Relationships of Lengths and Lengths 
to Weight 


The relationships of carapace length to carapace width 
and these measurements to weight are presented in 
Table 23 for the decapod crustacean Arenaeus cribrarius. 
The relationships of lengths and lengths to weight are 
presented in Tables 24 through 31 for the following 
fishes: Anchoa mitchilli, Fundulus majalis, Menidia 
menidia, Trachinotus carolinus, Trachinotus falcatus, 
Menticirrhus littoralis, Mugil cephalus, and Mugil 
curema. All lengths of fishes were measured from the tip 


of the snout: standard length, to the structural base of 
the caudal fin; fork length, to the bifurcation of the 
caudal fin; and total length, to the distal tip of the 
longest caudal ray. 

Equations of length to length relationships were 
derived by the method of least squares and are of the 
form Y = a + bX (where Y = dependent variable or 
predicted length, a = Y intercept, b = coefficient of 
regression, and X = independent variable or observed 
length). Equations of length to weight were also ob- 
tained by the method of least squares after a log,, -log,, 
transformation of the original data, and are of the form Y 
=a + bX (where Y = log weight and X = log length). 
This transformation was used to convert the analyses 
from curvilinear to simple linear regression. For each 
regression analysis we have included the sum of squares 
and cross products of deviations for ease of comparison 
with other data. In Tables 23 through 31 the following 
notations are used: N = sample size, X = independent 
variable, Y = dependent variable, a = Y intercept, b = 
coefficient of regression, r = product-moment cor- 
relation coefficient, x? = sum of squares of deviations 
of X,Zy? = sum of squares of deviations of Y, and Lxy 
= sum of cross products of deviations of X and Y. 


RECOMMENDATIONS 


Several ways in which a collecting program such as 
ours might be improved and provide better sampling and 
understanding of the area studied are: 


1. Collect additional physical data, such as current 
velocity; 

2. Make replicate tows through the collecting site 
(preserving the material from each tow separately); 

3. Establish replicate collecting sites nearby; 

4. Use a larger seine for longer tows in deeper water to 
supplement the collecting; 

5. Collect at several stages of the tide, at midday and 
at night, and during various phases of the moon; 

6. Sample for a longer period of time; 

7. Make a special effort to gather additional biological 
data, such as information on spawning, fecundity, 
food habits, incidence of ectoparasitism; and 

8. Use field and laboratory data sheets from which data 
can be key punched directly without transcription. 


A program incorporating the methods used in this 
study and the above recommendations should provide 


Table 23.—Carapace length-carapace width, carapace length-weight, and carapace width-weight regression 
statistics for N = 352 specimens of Arenaeus cribrarius. 


x 4 a b r ag ry Uxy 
CW CL —1.1686 0.4659 0.996 160,001.63990  34,989.03111 74,550.70835 
CL CW 2.7690 2.1307 0.996  34,989.03111 160,001.63990 74,550.70835 

log CW log W —4.7894 3.3004 0.977 15.95073 181.96342 52.64344 
log CL log W —3.4380 3.1801 0.983 17.38521 181.96342 55.28680 
CW (mm) CL (mm) W (g) 
Mean 38.59 16.81 TEE 
Range 7.0-140.8 4.0-65.6 0.07-222.9 
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Table 24.—Length-length and length-weight regression statistics for N = 215 specimens of Anchoa mitchilli. 


».¢ YA a b r Dak zy xy 
SL FL 3.7405 1.0208 0.980 7,021.48493 -7,610.26633 —-7,167.23298 
SL TL 2.3699 1.1657 0.963 7,021.48493  10,290.75656 8, 185.22423 
FL SL —1.7622 0.9418 0.980 7,610.26633 _7,021.48493 —-7,167.23298 
FL TL —1.0110 1.1243 0.967 7,610.26633  10,290.75656 —8,556.17275 
THs SL 1.4286 0.7954 0.963 10,290.75656 —-_7,021.48493 — 8, 185.22423 
TL FL 4.1155 0.8314 0.967 10,290.75656 —-7,610.26633 —8,556.17275 
log SL log W —6.0330 3.6360 0.951 0.66723 9.75842 2.42602 
log FL log W —6.4963 3.8170 0.951 0.60589 9.75842 2.31271 
log TL log W —6.2989 3.6100 0.941 0.66381 9.75842 2.39633 
SL (mm) FL (mm) TL (mm) W (g) 
Mean 45.53 50.22 55.45 1.08 
Range 27.5-59.9 30.9-64.4 33.4-77.0 0.20-2.78 


Table 25.—Length-length and length-weight regression statistics for N = 341 specimens of Fundulus majalis. 


».¢ Y, a b r =x? Ly? Uxy 
SL TL 1.7211 1.1722 0.999 39,4385.90452  54,339.91062 46,226.10678 
TL SL —1.3361 0.8507 0.999  54,339.91062  39,435.90452 46,226.10678 

log SL log W —5.1305 3.2532 0.995 3.31912 35.50605 10.79770 
log TL log W —§.5353 3.3303 0.995 3.16801 35.50605 10.55051 
SL (mm) TL (mm) W (g) 
Mean 45.05 54.52 2.19 
Range 26.0-84.1 31.8-98.5 0.25-12.25 


Table 26.—Length-length and length-weight regression statistics for N = 500 specimens of Menidia menidia. 


X Y a b r Die Ly? Uxy 
SL FL 3.4715 1.0872 0.997  27,732.99210  33,001.74800 30,151.30480 
SL TL 5.7405 1.1396 0.991 27,732.99210 36,673.69960 31,604.49710 
FL SL —2.7378 0.9136 0.997  33,001.74800  27,732.99210 30,151.30480 
FL TL 2.2339 1.0464 0.993  33,001.74800  36,673.69960 34,533.23480 
TL SL —3.7872 0.8618 0.991 36,673.69960 27,732.99210 31,604.49710 
TL FL —1.0206 0.9416 0.993 36,673.69960  33,001.74800 34,533.23480 
log SL log W —5.0377 3.0341 0.929 1.25294 13.36788 3.80155 
log FL log W —5.4685 3.1716 0.934 1.15954 13.36788 3.67758 
log TL log W —5.7295 3.2553 0.943 1.12077 13.36788 3.64845 
SL (mm) FL (mm) TL (mm) W (g) 
Mean 64.72 73.83 79.49 3.00 
Range 30.8-88.9 35.4-96.7 38.0-107.0 0.24-7.48 


Table 27.—\Length-length and length-weight regression statistics for N = 500 specimens of Trachinotus 


carolinus. 
X ¥i a 6 r xk Ly? Dxy 

SL FL 1.2582 1.1215 0.999 116,132.82810 146,309.33380 130,241.53720 
SL TL —0.6558 1.3240 0.998 116,132.82810 204,204.72070 153,753.67220 
FL SL —1.0732 0.8902 0.999 146,309.33380 116,132.82810 130,241.53720 
FL TL —2.1288 1.1802 0.999 146,309.33380 204,204.72070 172,666.97750 
TL SL 0.5817 0.7529 0.998 204,204.72070 116,132.82810 153,753.67220 
TL FL 1.8689 0.8456 0.999 204,204.72070 146,309.33380 172,666.97750 
log SL log W —4.9662 3.2714 0.996 20.71864 223.58965 67.77955 
log FL log W —5.3659 3.3869 0.996 19.34027 223.58965 65.50392 
log TL log W —5.2538 3.2184 0.996 21.41597 223.58965 68.92533 

SL (mm) FL (mm) TL (mm) W (g) 

Mean 27.94 32.59 36.33 1.42 

Range 11.8-93.0 14.1-104.1 15.7-123.9 0.03-24.88 
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Table 28.—Length-length and length-weight regression statistics for N = 45 specimens of Trachinotus fal- 


catus. 
Xx ¥ a b r Dice Ly z xy 
SL FL 1.6501 1.0962 0.9997 5,485.89911 6,596.88311  6,013.79711 
SL TL 0.1357 1.2980 0.9988 5,485.89911 9,264.20800  7,120.66133 
FL SL — 1.4883 0.9116 0.9997 6,596.88311 5,485.89911  6,013.79711 
FL TL —1.8078 1.1837 0.9989 6,596.88311 9,264.20800  7,808.62933 
TL SL —0.0483 0.7686 0.9988 9,264.20800 5,485.89911 7,120.66133 
TL FL 1.5879 0.8429 0.9989 9,264.20800 6,596.88311  7,808.62933 
log SL log W — 4.0249 2.7452 0.9429 1.17563 9.96602 3.22731 
log FL log W — 4.4235 2.8910 0.9393 1.05202 9.96602 3.04141 
log TL log W —4.3651 2.7614 0.9468 1.17158 9.96602 3.23522 
SL (mm) FL (mm) TL (mm) W (g) 
Mean 24.00 27.96 31.29 1.03 
Range 12.1-59.4 14.3-66.8 16.2-75.9 0.09-8.66 


nd length-weight regression statistics for N = 291 specimens of Menticirrhus 


littoralis. 
xX Y a b r Sere Ly? rxy 
SL TL 1.2032 1.2172 0.998 114,966.97810 171,061.35680 139,935.44470 
TL SL —0.7740 0.8180 0.998 171,061.35680 114,966.97810 139,935.44470 
log SL log W —4.7160 2.9514 0.992 7.60448 67.38193 22.44407 
log TL log W —5.0851 3.0019 0.991 7.34690 67.38193 22.05480 
SL (mm) TL (mm) W (g) 
Mean 48.96 60.79 2.88 
Range 19.2-149.1 24.4-181.2 0.10-45.90 


Table 30.—Length-length and length-weight regression statistics for N 


= 48 specimens of Mugil 


cephalus. 
ox Y a b r ce Ly i ry 
SL FL 1.6494 1.1462 0.9997 287,624.41670 378,110.61480 329,671.25420 
SL TL —0.2732 1.2703 0.9997 287,624.41670 464,347.77310 365,360.01750 
FL SL —1.3811 0.8719 0.9997 378,110.61480 287,624.41670 329,671.25420 
FL TL — 2.0735 1.1080 0.9998 378,110.61480 464,347.77310 418,941.18560 
TL SL 0.2608 0.7868 0.9997 464,347.77310 287,624.41670 365,360.01750 
TL FL 1.9075 0.9022 0.9998 464,347.77310 378,110.61480 418,941.18560 
log SL log W —5.1821 3.2163 0.9995 9.39197 97.25856 30.20757 
log FL log W —5.5090 3.2681 0.9995 9.09758 97.25856 29.73201 
log TL log W —5.4259 3.1764 0.9996 9.63288 97.25856 30.59741 
SL (mm) FL (mm) TL (mm) W (g) 
Mean 87.69 102.16 111.12 49.31 
Range 18.2-328.0 21.8-370.0 22.3-413.0 0.07-586.0 


Table 31.—Length-length and length-weight regression statistics for N = 394 specimens of Mugil curema. 


Xx 


Yi a b r rx? Ly? Dxy 
FL 0.5761 1.1722 0.9985 470,299.87390 648,206.35520 551,308.74100 
TL —0.7066 1.2848 0.9997 470,299.87390 776,685.93360 604,216.83340 
SL —0.3563 0.8505 0.9985 648,206.35520 470,299.87390 551,308.74100 
TL —1.1853 1.0931 0.9986 648,206.35520 776,685.93360 708,547.91860 
SL 0.5739 0.7780 0.9997 776,685.93360 470,299.87390 604,216.83340 
FL 1.2302 0.9123 0.9986 776,685.93360 648,206.35520 708,547.91860 
log W —5.1563 3.2558 0.9984 30.99242 329.57610 100.90500 
log W —5.4521 3.2860 0.9979 30.39528 329.57610 99.87731 
log W —5.4166 3.2148 0.9986 31.79767 329.57610 102.22395 
SL (mm) FL (mm) TL (mm) W (g) 
44.79 53.08 56.83 6.66 
19.1-130.4 23.0-155.5 24.1-168.0 0.10-49.60 
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adequate data for developing basic models of either the 
shallow-water estuarine or surf-zone ichthyofauna oc- 
curring over shell-hash, sandy, or muddy bottoms and 
should be useful both in identifying natural pertur- 
bations and artificial stresses and in predicting their 
effects. 


CONCLUSIONS AND SUMMARY 


1. Fifty-one collections were made in the surf and 36 
in the tidal pool from which some 512 specimens of swim- 
ming invertebrates representing at least 17 species and 
5,095 specimens of bony fishes representing 41 species 
were collected. 

2. The surf and tidal pool collections differ 
significantly with respect to number of species per collec- 
tion when averaged over both years and all seasons. 

3. Winter and summer differ significantly in number 
of species per collection. 

4. Both the main effect of location and the location- 
by-season interaction show highly significant differences 
in number of specimens per collection. 

5. There is a highly significant difference between the 
average number of specimens per collection in the surf 
versus the tidal pool for those collections made in winter 
and a significant difference for summer. 

6. There is a highly significant difference between 
years for the total weight of fishes per collection. This is 
due in part to the capture during the first year of a 
number of comparatively large specimens of Mugil 
cephalus and a single specimen of Pogonias cromis 
weighing more than 1.2 kg. 

7. The main effect of location shows a highly signifi- 
cant difference in total weight of fishes per collection and 
the location-by-season interaction is significant. 

8. There is a highly significant difference between 
surf and tidal pool in average total weight of fishes per 
collection for winter and summer and a significant 
difference for spring. 

9. Six species of fishes (Anchoa mitchilli, Fundulus 
majalis, Menidia menidia, Trachinotus carolinus, Men- 
ticirrhus littoralis, and Mugil curema) accounted for 94% 
of the specimens of fishes collected and 72% of the 
ichthyomass. One species, Arenaeus cribrarius, made up 
82% of the swimming invertebrate specimens and 75% of 
the mass of swimming invertebrates. 

10. Species were ranked as to “importance.” In the 
surf and tidal pool combined the order of decreasing “‘im- 
portance” for the most abundant species was Menidia 
menidia, Arenaeus cribrarius, Trachinotus carolinus, 
Menticirrhus littoralis and Mugil curema, Anchoa 
mitchilli, and Fundulus majalis. 

11. Water temperature and its square correlated 
significantly with number of specimens for each of five of 
the most important species (Arenaeus cribrarius, Anchoa 
mitchilli, Menidia menidia, Trachinotus carolinus, and 
Menticirrhus littoralis) collected in the surf. Height of 
sea was significantly correlated with occurrence for A. 
mitchilli and M. littoralis; and a significant negative cor- 
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relation existed between salinity and number of 
specimens for M. menidia. 

12. The prediction equation for monthly average 
number of specimens per collection contained water 
temperature, the square of water temperature, and 
salinity as independent variables for Menidia menidia, 
but only water temperature appeared in the equations for 
all other species examined except Anchoa mitchilli, 
which contained visibility of Secchi disc (in addition to 
water temperature) as an independent variable. 

13. Arenaeus cribrarius has a prolonged spawning 
period; ovigerous females were collected as early as mid- 
June, recently spawned females as late as mid- 
September, and small specimens (20 mm CW or smaller) 
from May through October. 

14. Ripe specimens of Menidia menidia were observed 
from late March to early June. Specimens of M. menidia 
50 mm SL or smaller were rarely collected. Because this 
virtual absence of small individuals of M. menidia does 
not appear to be related to the method of collection, this 
species presumably occupies a habitat other than the 
surf zone during its early life history. 

15. Trachinotus carolinus has a prolonged spawning 
period; specimens 22 mm SL or smaller appeared in the 
catch from mid-April through late October. 

16. Specimens of Menticirrhus littoralis less than 30 
mm SL were collected from June through November in- 
dicating an extended spawning period. 

17. The apparent absence of juveniles of Paralichthys 
squamilentus in the waters of South Carolina before 1969 
is a result for the most part of inadequate collecting. 

18. Sphoeroides spengleri is reported for the first time 
from the waters of South Carolina. 

19. Relationships of carapace length to carapace width 
and these measurements to weight are presented for the 
decapod crustacean Arenaeus cribrarius; and the 
relationships of lengths and lengths to weight are 
presented for eight species of fishes. 

20. Recommendations for improving surveys similar 
to the one reported herein are given. 

21. Stochastic effects seem to be important in deter- 
mining the catch in the surf and associated tidal pools of 
sandy beaches. 

22. Species inhabiting the surf zone must be able to 
cope with wide ranges in turbulence, turbidity, quan- 
tities of suspended particles in the medium, current 
velocity, and bottom characteristics. In addition to the 
above factors, a number of meteorological and seasonal 
changes are superimposed producing variations in 
temperature and salinity. Highly motile species may 
move into or out of the surf zone depending upon 
prevalent conditions. This may account in part for some 
of the variations in catch. 


23. The macrofauna of the tidal pool is a depauperate _ 


derivative of the surf zone. 

24. Species collected in the tidal pool were probably 
attracted there to some degree by their different 
ecological requirements and tolerances. In addition, 
larger individuals tend to avoid being trapped in these 
pools, whereas smaller ones (of species such as 


Trachinotus carolinus and Mugil curema) may actively 
seek them as havens which are relatively free of 
predators. Species inhabiting tidal pcols are subjected to 
sudden fluctuations in temperature and salinity. 
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Migration and Dispersion of 
Tagged American Lobsters, Homarus americanus, on 
the Southern New England Continental Shelf 


JOSEPH R. UZMANN, RICHARD A. COOPER, and KENNETH J. PECCI ' 


ABSTRACT 


An apparently contiguous stock of American lobsters, Homarus americanus, is concentrated 
along the outer continental shelf margin and slope from Corsair Canyon westward and southward to 
the region of Baltimore Canyon. Between April 1968 and May 1971 we captured, tagged, and released a 
total of 7,326 lobsters at 52 localities between Corsair Canyon and Baltimore Canyon. As of December 
1972, 945 recaptures (12.9% recovery) had been reported, providing a basis for interpretation of 
seasonal and long-term movements, as well as measurements of growth rate and moult frequency. A 
classification scheme is developed and applied to distinguish between apparently directed seasonal 
movements (migrations), localized movements of less than 10 nautical miles (18.5 km), and long- 
period (>120 days) dispersions of 10 miles or more. This last category includes point to point tracks 
that cannot be objectively resolved in terms of directionality and may represent random dispersal, a 
summation of seasonally directed tracks, or both. 

We conclude from the track analyses that at least 20% of the offshore lobsters annually engage in 
directed shoalward migrations in spring and summer with return to the shelf margin and slope in fall 
and winter. This conclusion is reinforced by independent analysis of the time/depth/temperature 
associations of tagged lobsters at recapture which, of itself, suggests that an even larger proportion of 
the offshore lobsters annually effect directed migrations in response to seasonal temperature 


variations. 


INTRODUCTION 


Commercial concentrations of American lobsters, 
Homarus americanus, inhabit the outer continental shelf 
and slope off southern New England and the Middle 
Atlantic states southward to Virginia. The history, 
development, and recent status of this resource have 
been summarized in the collective studies of Firth 
(1940), Schroeder (1955, 1959), McRae (1960), Hughes 
(1963), Saila and Flowers (1968), Skud and Perkins 
(1969), Uzmann (1970), and Cooper and Uzmann (1971). 
This report is an extension of the last mentioned paper 
and deals further with findings and implications of 
seasonal and long-term movements derived from an ex- 
tensive tagging program conducted over the period 1968- 
2: 

Schroeder (1959) defined the offshore lobster popula- 
tion as “a population of lobsters, large enough to support 
commercial fishing off the east coast of the United States 
along the outer shelf and upper slope between the eastern 
part of Georges Bank and the offing of Delaware Bay. 
This area at depths of roughly 60-250 fm (110-450 m) is 
about 400 miles long and 5-10 miles wide. Lobsters are 
more plentiful along the eastern half of this stretch than 
to the west and south.” 

The offshore lobster fishery, so-called, has rapidly 
assumed a role of prominence among the major offshore 


‘Northeast Fisheries Center, National Marine Fisheries Service, 
NOAA, Woods Hole, MA 02543. 


fisheries of the northwest Atlantic. A brief review of its 
growth over the past two decades will place it in perspec- 
tive relative to the long established coastal fishery and 
indicate its future trend. 

Like the coastal stocks from Maine to New Jersey, the 
offshore stock has sustained a steadily increasing rate of 
exploitation since the mid-fifties prior to which time it 
ranked as a minor fishery with the majority of catches 
taken incidental to trawling for groundfish species. 
Following World War II, the coastal fishery expanded 
rapidly to a peak yield in 1960 of 29 million pounds (13.2 
million kg) and has since declined measurably despite 
increased fishing effort; meanwhile, offshore lobster 
catches increased from nearly 2 million pounds (0.9 
million kg) in 1960 to over 8 million pounds (3.6 million 
kg) in 1970. Ungrouped landings statistics indicate that 
U.S. lobster production is relatively stable at some 30 
million pounds (13.6 million kg) annually, but the fact of 
the matter is that offshore production has annually offset 
the decline of coastal landings. From 1968 to 1970 
offshore lobster landings averaged over 20% of the U.S. 
catch. 


MATERIALS AND METHODS 


The tagging program reported here was conducted as 
part of the work plan of 14 research cruises over the 
period 1968-71 during which time a total of 7,326 lobsters 
were tagged and released at 52 localities along the outer 
edge of the continental shelf from Corsair Canyon west 


and south to Baltimore Canyon (Fig. 1, Table 1). The 
lobsters were taken with otter trawls or traps (five 
localities only) at depths of 35-300 fathoms (64-549 m), 
then tagged and released within a day after capture and 
within 2.7 nautical miles (5 km) of the capture site. 
Tagging methodology has been described previously by 
Cooper (1970). Essentially, the tag consists of coded 
polyvinyl chloride tubing with a polyethylene monofila- 
ment leader and stainless steel anchor implanted in the 
right or left dorsal extensor muscle below the carapace. 
The anchor is inserted with the aid of a hypodermic nee- 
dle through the connecting membrane between the 
carapace and the first abdominal segment. The mem- 
brane breaks down at ecdysis to permit withdrawal of the 
lobster from the old exoskeleton and the implanted tag is 
thus retained through successive molts. 

The tagging program and its objectives were initially 
well advertised with letters and poster notices being sent 
to all New England and Middle Atlantic state fisheries 
commissioners, to all vessel captains known to engage in 
the offshore lobster fishery, and to all major buyers and 
wholesalers of lobsters. Port agents of the National 
Marine Fisheries Service were specially briefed and then 


maintained continuing liaison with the lobster fishermen 
and dealers. 

In a preliminary paper Cooper and Uzmann (1971) 
reported 400 returns from 5,710 releases through 1969 
(7.0% reported recapture); in 1970 and 1971 additional 
releases raised the total number tagged and released to 
7,326, of which a cumulative total of 945 recoveries had 
been reported to us as of 15 December 1972. Thus, the ac- 
cumulated reported recaptures is currently 12.9% and in- 
creasing at a decreasing rate annually by virtue of 
natural mortality of the tagged population, tag loss, non- 
recognition of tags, possible emigration into areas with 
little or no commercial fishery, removal and nonreporting 
by U.S. fishermen and various elements of the foreign 
fishing fleet, and possibly, increased incidence of non- 
reporting because of fishermen apathy. We offer the last 
theoretical reason because renewed publicity and an in- 
crease in the tag return reward from $1.00 to $5.00 in Oc- 


tober 1971 failed to elicit a significant increase in the tag — 


return rate despite a significant input (1,142) of newly 


tagged lobsters in that calendar year. This hypothesis is — 


further supported by calculations of expected returns per 
annum under the condition of exponential decline of the 


Table 1.—Summary of offshore lobster tagging, 1968-71: station references, releases, and recaptures.’ 


Composite Original Plot position Number Number 
station station Canyon or of of 
Year number number(s) Lat. N Long. W shelf region releases recaptures 

1968 1 (1-3) 40°17’ 68°02’ Oceanographer Canyon 42 3 
2 (4) 39°59’ 69°36" Veatch Canyon 13 3 

3 (5) 39°31’ 72°13' Hudson Canyon 146 9 

4 (6) 40°05 71°09' Block Canyon 52 7 

5 (7-8) 40°04' 70°27’ Atlantis Canyon 264 29 

6 (9, 11) 39°57’ 69°56' Veatch Canyon 149 22 

7 (10) 39°56' 69°41’ Veatch Canyon 99 10 

8 (12) 39°59’ 70°03’ Veatch Canyon 50 4 

9 (13) 40°03' 70°17' Atlantis Canyon 143 19 

10 (14) 40°13' 70°30' Atlantis Canyon 39 3 

11 (15) 40°12' 70°15’ Atlantis Canyon 84 6 

12 (16) 40°12' 71°14' Block Canyon 57 3 

13 (17-19) 40°05’ 71°47' Block Canyon 482 40 

14 (20-21) 40°05' 71°38' Block Canyon 266 25 

15 (22) 41°42’ 66°52' Leg, Georges Bank 46 10 

16 (23-26) 40°33’ 68°39' SW Georges Bank 479 59 

17 (27-28) 40°31' 67°42’ Lydonia Canyon 223 m2 

Total 2,634 279 
1969 18 (29, 30, 32) 39°59" 69°29" Veatch Canyon 1,350 213 
19 (31) 40°03’ 69°16" Veatch Canyon 751 104 

20 (33-35) 40°59" 66°34! Corsair Canyon 387 44 

21 (36) 40°32’ 67°47’ Lydonia Canyon 166 23 
22 (37-38) 41°12’ 66°35" Corsair Canyon 422 46 

Total 3,076 430 
1970 23 (48, 50) 40°16' 68°25' Oceanographer Canyon 301 34 
24 (49, 51) 40°26’ 68°20'  Oceanographer Canyon 17 228 

Total 474 56 
1971 25 (57-58) 40°00’ 71°12’ Block Canyon 60 10 
26 (59, 63) 39°14’ 72°20' Hudson Canyon 54 1 

27 (60-62) 37°55’ 73°59" Baltimore Canyon 194 11 

28 (64) 39°10' 72°38’ Hudson Canyon 29 3 

29 (65-66) 40°00" 69°29" Veatch Canyon 805 155_ 

Total 1,142 180 
Grand Total 7,326 945 


‘The original releases are treated as 29; composites of two or more stations have within-group variation of less than 10 
days, 10’ latitude, and 10’ longitude. Original station numbers are shown in parentheses. 
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tagged population at a theoretical summed rate of 23% 
per annum (12% tag loss, 6% natural mortality, 5% 
recapture). In calendar year 1972, for example, the 
theoretical number of tagged lobsters outstanding at the 
beginning of the year was 3,630; the expected number of 
returns for 1972 based on the average rate of returns 
(0.049) in years 1968-71 is 179, in sharp contrast to 67 ac- 
tual returns. 

The distribution of recaptured tagged lobsters is con- 
sidered representative of the distribution of the lobster 
population. Fishermen search for commercial quantities 
of lobsters throughout the year at depths of 10-350 
fathoms (18-640 m), which is a considerably greater 
range than the 35-300 fathoms (64-549 m) depth interval 
from which lobsters for tagging were initially captured. 


DATA REDUCTION, PLOTTING, AND 
FORMAT 


Data received on individual recaptures varied 
considerably. Data sought included date and position of 
recapture (latitude and longitude, or loran A coor- 
dinates), sex, carapace length, presence or absence of ex- 
ternal eggs, cheliped configuration, and designation of 
any missing chelipeds and walking legs. The most 
critical data were location and date of recapture, and 
carapace length from which both migration trends and 
growth could be determined; this was received on 350 of 
the recaptured lobsters. Recapture location and date 
only were received on 576 individuals and provide the 
basis for analysis of movements. 

Data was listed and keypunched in two different for- 
mats. The data format (see appendix tables) for this 
study includes growth increments for reader reference, 
but this element of the study is being treated separately; 
return data is listed chronologically by sex. The basic 
data deck provided input for computer calculation for in- 
dividual recaptures of great circle distance traveled from 
point of release to point of recapture, days at large, and 
other standard computations such as mean distance 
traveled and mean time at large by various groupings of 
individuals. The same data deck served as input for a 
Cal-Comp Plotter, Model 663, from which release coor- 
dinates, recapture coordinates, or combinations of both 
were plotted in various combinations to reveal and dis- 
play the overall features of dispersion within and 
between release groups and to show the overall monthly 
distribution of recaptures. The Cal-Comp Plotter was 
simultaneously programmed and fed a series of coastline 
coordinates, isobath coordinates, and titular information 
such that the finished plot was a Mercator chart drawing 
to the nominal scale of 1:1,200,000. 

Among the 945 recaptured lobsters, 584 (61.8%) were 
reported by specific location, 183 (19.4%) by generalized 
location—usually by reference to a named submarine can- 
yon, and 178 (18.8%) without location information of 
any kind. Those recaptures reported by approximate 
location are hand-plotted in distinctive fashion within 
the machine plots of the various subgroups of returns 
with specific location. 


In order to facilitate interpretation of recovery data, 
we have treated the 52 original releases as 29 according to 
the constraints footnoted in Table 1. This action 
minimized the plotter executions and gave more 
coherence to the individual plots. Test plots of recovery 
coordinates showed a number of cases where overplotting 
or tight grouping of recovery points resulted in a confu- 
sion of points and numbers. In these instances we used a 
plotting subroutine which plotted all points within or 
upon the eastern and southern side of a given 6-minute 
square (0.1° square) as a single point with collective 
number at the diagonal center of the square; the average 
displacement of any single point plotted in this manner 
is well under 3 nautical miles (5.6 km) which we have 
accepted as within the limits of navigational accuracy, 
reporting, or both. 

Because the tag releases were effected in greater or 
lesser increments over a long period of time, they con- 
stitute a series of repetitive experiments and are treated 
accordingly; the overall presentation which follows takes 
the form of an atlas which provides a pictorial analysis of 
the results of the various releases. Additionally, we have 
developed a generalized treatment of the monthly dis- 
tribution of offshore lobsters in relation to bottom 
temperature. 


Original Station Locations 


A total of 52 releases of tagged lobsters were made on 
the outer continental shelf and slope commencing in 
March 1968 and ending in May 1971 (Table 1). Cruise 
numbers and station numbers are not wholly in con- 
secutive order because interim cruises involving coastal 
area tagging were also conducted in the same period. 
Thus, station 66 occupied during Cruise 20 was actually 
the 52nd and last release during a total of 14 cruises con- 
cerned with offshore tagging. 

The original release localities (Fig. 1) show their loca- 
tion relative to major features of the continental shelf 
and to each other. Most (86%) of the tagging was ac- 
complished from the vicinity of Block Canyon eastward 
because of more productive lobster fishing in these areas 
and because other aspects of cruise objectives required 
cruise orientation to the east of Block Canyon to max- 
imize time sharing of the research vessels Delaware I, 
Delaware IT, and Albatross IV. 


Composite Station Locations 


Thirteen (25%) of the 52 original releases are plotted at 
their original release locality (Fig. 2). The remainder 
were combined in groups of two or three and assigned 
location coordinates with averaged latitude and 
longitude rounded to the nearest whole minute (Table 1). 
Maximum distance between any two original release 
sites comprising a composite station was 4 nautical miles 
(7.4 km). The purpose of this treatment was to effect a 
logical pooling of release and recapture information that 
would expedite both plotting and evaluation of the data. 
Computations of distance traveled and time at large are, 
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however, based on original release locations and dates. 
Details concerning individual recaptures are referenced 
to composite station number and listed in the appendix 
tables of this report. 


Composite of Recoveries 


Figure 3 is a precision plot of the reported recovery 
positions of all returns; in Figure 4 the same set of coor- 
dinates are grouped by 6-minute squares to permit 
readable numerical signature and to obviate overplotting 
of identical recovery coordinates, some of which oc- 
curred by chance, with others the result of multiple 
recaptures by vessels fishing a given area for one or more 
days. 

Comparison of Figure 3 with Figure 1 (original station 
locations) shows overall dispersion from the original 
release locations along the edge of the continental shelf. 
Replotting of these data by release groups (Figs. 5-29) il- 
lustrates the magnitude and direction of the individual 
dispersions. 

Straight-line dispersion (point of release to point of 
recovery) of individual lobsters is shown in Figures 5-29; 
concentric circles having a radius of 10 and 50 nautical 
miles (18.5 and 92.7 km) are drawn about each release 
locality to indicate the magnitude and variability of 
lobster movements from a given locality. Track lines of 
50 miles (92.7 km) or greater are labeled with the return 
number and sex (F or M). Where two or more recaptures 
were made at the same reported locality, the solid circle 
representing the recovery point is appropriately 
numbered. In several instances (Figs. 20, 21, 24, 29) it 
was necessary to group recovery data by 6-minute squares 
for reasons described previously; in such cases, the nature 
of the plotting is included in the figure title. 


Definition of Lobster Maturity 


Subsequent references to maturity stage.of individual 
lobsters assumes that the commonly prevailing 
minimum legal size (81 mm carapace length) is an 
acceptable beginning point at which both male and 
female lobsters attain functional sexual maturity. Skud 
and Perkins (1969) reported that demonstrable sexual 
maturity, as evidenced by external embryonated eggs or 
mature ovarian eggs, commenced at 80 mm carapace 
length in large samples of female lobsters from the same 
areas in which we conducted our tagging study. Stewart 
(1972) examined 1,018 female lobsters from western Long 
Island Sound and Block Island Sound for presence of 
spermatophores in the seminal receptacle; the median 
size of inseminated females in the sample (size range 53 
to 106 mm carapace length) was 76 mm, and within the 
size class 81-82 mm (53 specimens), 81% were in- 
seminated. Krouse (1973) found that male lobsters from 
the Boothbay region of Maine were virtually all sexually 
mature well below the legal recruit size of 81 mm; these 
findings were based on dissection of the genital tracts 
and microscopic findings of mature sperm cells and sper- 
matophores; Krouse (1973) reiterated the observations of 


Templeman (1934) that significant size disparity 
between male and female lobsters precludes successful 
mating and that prerecruit size males seem unlikely to 
contribute materially to natural reproduction until they 
attain a size equality with sexually mature females. 


MIGRATION VERSUS DISPERSION 


Cooper and Uzmann (1971) earlier hypothesized, on 
the basis of a described time-temperature relationship, 
that the nature of the migration phenomenon was a ver- 
nal shoalward movement to warmer water with subse- 
quent return to the edge and slope of the shelf with the 
onset of fall and winter. In subsequent sections of this 
report we will attempt to elicit qualitative and quan- 
titative aspects of individual movements from groupings 
of individuals referenced to release locality, point of 
recapture, and time at large. 

Hypothetical track lines have been drawn in all cases 
where dispersion or migration (definitions presented 
below) from point of release to point of recapture exceed- 
ed 10 nautical miles (18.5 km) (Figs. 5-29). We must con- 
cede at the outset of this discussion that the magnitude, 
direction, and time scale of a point-to-point track is 
seldom an accurate portrayal of the exact movements of 
any tagged animals; however, the assumption of a 
straight-line track, however simplistic, is tenable for the 
purposes of plotting, overview, analysis, and ultimately, 
for distinction between the short-term probable migrants 
and the longer-term dispersed individuals. The guiding 
factors in this distinction of kinds, i.e., migrant or dis- 
persed, are distance traversed and time at large, the 
elements of the classical ground speed formula D/T. 

Ranking of the total array of recovery data by various 
combinations shows that the maximum movement of 
any recapture was 186 nautical miles (345 km) in 71 days 
(2.6 miles/day). Other sesonable tracks in excess of 100 
miles (185 km) were 125 (232 km)/86 days, 123 (228 km)/ 
76 days, 118 (219 km)/107 days, 111 (206 km)/108 days, 
and 102 (189 km)/29 days. Twelve other lobsters made 
apparently directed tracks of 50-87 miles (93-161 km) 
within 22-41 days. The calculated ground speeds of 
these 31 examples range from 1 to 5.5 miles (1.8-10.2 km) 
per day and indicate that directional movements in ex- 
cess of 1 mile (1.8 km) per day are not uncommon if not, 
in fact, quite normal. 

We have developed a classification scheme which 
attempts to distinguish between directed migrants and 
those whose net movements over time are inconsequen- 
tial or not clearly directional; the 31 examples cited 
above provide a logical basis for fixing constraints on the 
numerical values of time and distance consistent with an 
acceptable definition of the term “migrant.” 

The frequency distribution of distance traveled shows 
that 163 individuals were recovered within 0-9 miles (0- 
16.8 km) of point of release over the time range 0-950 
days. Clearly, there is no internal evidence that any of 
these have dispersed significantly. In the time frequency 
interval 0-9 days, 15 of 21 recoveries were common to the 
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aforementioned 0.9 mile (0.16.8 km) category. Accord- 
ingly, we have adopted the premise that time or dis- 
tance values under 10 preclude realistic interpretation of 
directionality or speed of movement. 


Commercial fishing effort, monthly distribution 
patterns of tagged recoveries (Figs. 34-45), and support- 
ing details (appendix tables) all combine to show that 
offshore lobsters are essentially aggregated along the out- 
er edge and slope of the continental shelf during January 
through Apri! (120 days) and become widely dispersed by 
migration or random movement in shoaler/warmer water 
during May through December (245 days). We have set 
the upper limit of duration of a directed migration at 120 
days, or the theoretical half-life of a migratory season 
during which the migrant can move to shoaler/warmer 
water and return to the continental shelf margin in ap- 
proximate phase with the annual shoalward and seaward 
migration of the bottom temperature warm front (here 
defined as the 10°C isotherm). Within these constraints 
we regarded a total of 117 individuals as migrants; rank- 
ing of these individuals by calculated ground speed 
shows a range of 0.1-5.5 miles (0.18-10.2 km) per day, a 
median speed of 0.9 miles (1.7 km) per day, and a median 
at 0.6 miles (1.1 km) per day. Ground speeds of defined 
migrants are positively correlated with distance travers- 
ed and negatively correlated with time at large. 

The remainder of recaptures for which capture loca- 
tion and time at large are known fall into three categories 
of relative displacement from point of release. Our work- 
ing definitions of migrant and alternative classifications 
are as follows: 


a) Migrant by virtue of track >10 nautical miles (18.5 
km) and time at large 10-120 days (N = 117). 

b) Nonmigrant by corollary definition of track <10 
miles and time at large<10 days (N = 15). 

c) Residual nonmigrant by virtue of track<10 miles, 
time at large >10 days (range 15-950); this classification 
teflects stationary behavior, or the alternative possibility 
of undetectable excursion(s) with homing back to release 
locality (i.e., within 10-mile radius of release point) (NV 
= 147). 

d) Indeterminate by virtue of track >10 miles (range 
10-181), time at large >120 days (range 125-1,549); move- 
ment is regarded as random dispersal, a summation of 
migration tracks, or a combination of both (N = 297). 


Eight recaptures were reported without dates of recap- 
ture and hence could not be classified. These alternative 
classifications make for interesting conjecture in many 
cases; among the indeterminates, for example, we find 
many probable examples of directed migration which 
cannot be properly assessed because of the associated 
element of excessive time at large; these cases will be 
identified and discussed under the appropriate com- 
posite station résumés which follow this section. 


Returning to the reliability of ground speed calculated 
from D/T, we have assumed that D is probably un- 


derestimated in most cases because a lobster track of 
significant distance over the bottom is unlikely to be 
straight-line, and also because some of the recaptures 
were likely on a return course relative to their original 
shoalward vector. Conversely, T is probably 
overestimated (but never underestimated) in a majority 
of cases because the migrant under consideration had 1) 
earlier arrived at destination, 2) had accumulative rest 
periods, and/or 3) was on a return vector. The net effect 
of any or all of these possible biases on calculated ground 
speed is to underestimate the derivation in general and 
to give added credence to values on the order of 4-5 miles 
(7.4-9.3 km) per day. 


COMPOSITE STATION RESUMES 
Composite Station 1 (See Appendix Table 1) 


Three recaptures have been reported from a composite 
total of 42 releases in the vicinity of Oceanographer Can- 
yon on 15 March 1968 (28), 16 March 1968 (5), and 30 
March 1968 (9). Mean depth at first capture was 153 
fathoms (280 m); mean depth at release was 175 fathoms 
(320 m). Only one of the recoveries was reported by loca- 
tion. The sex ratio of the three returns was one female to 
two males. 

The most noteworthy feature of the recoveries from 
this composite release is the relatively high mean time at 
large (985 days =2.7 yr) which exceeds that of all other 
subgroups of recoveries. The single located recovery, a 
mature male, was captured 13 miles (24.1 km) from its 
original release point and had been at large 1,342 days 
(3.7 yr). 

Here, as in many other cases of lengthy time at large, 
the relatively small displacement from original release 
locality is indicative of either highly localized 
movements over time or, alternatively, a homing tenden- 
cy following larger scale movements. We prefer the latter 
hypothesis and will attempt to sustain this view in the 
remainder of the text on the basis of other individual and 
collective returns. 


Composite Station 2 (See Figure 5 and 
Appendix Table 2) 


Three recaptures, all males, have been reported from a 
single point release of 13 lobsters near the head of Veatch 
Canyon on 4 April 1968. First capture depth and release 
depth were at 110 fathoms (201 m). Two of the recaptures 
were reported by location with neither having migrated 
very far nor having been at large very long. The third 
recapture, a mature male, had been at large 741 days (2.0 
yr), and was reported taken in the vicinity of Veatch Can- 
yon without specific coordinates. 

This subgroup of recoveries represents the highest rate 
of recapture (23%) among the 29 subgroups of releases 
and indicates that numerically small releases of tagged 
lobsters can yield significant returns. 


Composite Station 3 (See Figure 6 and 
Appendix Table 3) 


Nine recaptures have been reported from a single point 
release of 146 lobsters on the east side of Hudson Canyon 
on 26 April 1968. First capture depth was 160 fathoms (293 
m); release depth was 85 fathoms (155 m). Seven of the 
nine recaptures were reported by location and one other 
from the vicinity of Hudson Canyon. Sex ratio of the nine 
recaptures was seven females to two males. Mean time at 
large was 252 days (0.7 yr). Two of the recaptures (3F, 
29F) from this release, both mature females, are 
classified as migrants and were captured 29 and 118 days 
later in coastal trap fisheries off Long Island, N.Y., after 
having migrated 102 miles (189 km) and 77 miles (143 
km), respectively. The longest outstanding recapture 
(660 F), an immature female at release, was at large 
1,024 days (2.8 yr) during which time it increased 32% in 
carapace length, which is indicative of at least two moult 
increments (Cooper and Uzmann 1971). 

Three of the recoveries (3F, 29F, 4F) were migrants 
within the terms prescribed in the preceding section. 
Return 3F was recaptured 29 days after release following 
a 102-mile (189-km) migration to shoal water, at 3.5 
miles (6.5 km) per day. Return 29F, on the other hand, 
showed a net displacement of 77 miles (143 km) over the 
much longer period of 118 days; the calculated speed of 
0.6 miles (1.1 km) per day is well below the mean speed 
of the collective 117 defined migrants and inconsistent 
with an idealized ongoing shoalward track. In the 
absence of any contradictory evidence, it seems logical to 
conclude that this individual and others, as will be seen, 
probably arrived in the vicinity of their recapture at con- 
siderably earlier dates. Return 11F was recaptured 13 
miles (24.1 km) northwesterly in slightly deeper water 
than at release. 


Composite Station 4 (See Figure 7 and 
Appendix Table 4) 


Seven recaptures have been reported from a single 
point release of 52 lobsters several miles east of Block Can- 
yon on 28 April 1968. First capture depth was 190 
fathoms (347 m); release depth was 100 fathoms (183 m). 
Four of the seven recaptures were reported by location. 
Sex ratio of the seven recaptures was three females to 
four males. Mean time at large was 425 days (1.2 yr). One 
of the four located recaptures, a mature male, moved 71 
miles (132 km) easterly over a period of 405 days at large. 
The longest outstanding recapture (location unreported) 
in this subgroup was at large 1,326 days (3.6 yr). 


Composite Station 5 (See Figure 8 and 
Appendix Table 5) 


Twenty-nine recaptures have been reported from a 
composite total of 264 releases west of Atlantis Canyon 
on 29 March 1968 (142) and 30 March 1968 (122). Mean 
depth at first capture was 190 fathoms (347 m); mean 
depth at release was 99 fathoms (181 m). Twenty of the 
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recaptures were reported by specific location and one by 
approximate location. 

Sex ratio of the returns was 22 females to 7 males, not 
significantly different from the ratio at release (212 fe- 
males to 52 males). 

Mean time at large for all recoveries was 284 days (0.8 
yr); greatest time at large for a located individual was 
774 days (2.1 yr) during which time apparent dispersion 
was only 10 miles (18.5 km). 

Mean distance traveled by those lobsters with specific 
recapture locations (20) was 25.1 miles. Three in- 
dividuals, all sexually mature females, made migrations 
in excess of 50 miles (92.7 km), the range being 56-76 
miles (104-141 km). 

Four of the recoveries (28F, 26F, 27F, 4F), all mature 
females, are classified migrants; all were recaptured in 
June within 36-50 days after tagging. Return 28F, an egg- 
bearing female at release and recapture, was taken 56 
miles (104 km) northeasterly in significantly shoaler 
water (22 fathoms = 40.2 m) after 50 days at large; ap- 
parent speed (1.1 miles/day = 2.0 km/day) and direction 
are highly consistent with the vernal shoaling hypothesis. 

Returns 26F and 27F (egg-bearing at release and 
recapture) were taken 38 miles (70.4 km) easterly near 
the head of Veatch Canyon at 80 fathoms (148 m) after 
being at large 36 and 37 days, respectively; apparent 
speed in each case was 1.1 miles/day (2.0 km/day). It is 
obvious that these tracks are not consistent with a 
theoretical goal of shoaler location; we will reserve com- 
ment on these and others of similar nature for later dis- 
cussion. Return 4F was taken 11 miles northeasterly in 
significantly shoaler (64 fathoms = 117 m) water; this 
recovery illustrates quite well that lobsters occupying the 
shelf edge or slope can achieve much shoaler (or deeper) 
locations with relatively small excursions. 


Composite Station 6 (See Figure 9 and 
Appendix Table 6) 


Twenty-two recaptures have been reported from a 
composite total of 149 releases midway between Atlantis 
and Veatch canyons on 1 May 1968 (78) and 2 May 1968 
(71). Mean depth at first capture was 190 fathoms (347 
m); mean depth at release was 99 fathoms (181 m). Nine- 
teen of the recoveries were reported by specific location 
and one by approximate location. Sex ratio at release was 
103 females (69%) to 46 males; the ratio at recapture was 
12 females (55%) to 10 males. 

Mean time at large for all recoveries was 312 days (0.9 
yr); greatest time at large for a located individual, an im- 
mature male at release, was 896 days (2.4 yr) during 
which time apparent dispersion was only 18 miles (33.4 
km). 

Mean distance traveled by those lobsters with specific 
capture locations (19) was 33.5 miles (62.1 km). Five in- 
dividuals made migrations in excess of 50 miles (92.7 
km), the range being 57-71 miles (106-132 km). Three of 
these long distance migrants were mature females, one of 
which (91F) was berried at recapture; the remaining two 
were mature males. 


Six of these recaptures (9F, 10F, 1M, 18F, 19F, 20M) 
can be classified as migrants. Recoveries 9F and 10F 
moved easterly, with the latter being taken significantly 
shoaler (56 fathoms = 102 m) than at release. Return 1M 
migrated at near record speed of 5.1 miles (9.4 km) per 
day to a point 62 miles (115 km) westerly at a depth (120 
fathoms = 219 m) significantly deeper than at release. 
The release depth here, as at a number of other stations, 
was significantly shoaler than release depth for reasons 
explained earlier; it is conceivable, therefore, that bot- 
tom temperature at the release site was sufficiently 
divergent to cause abnormal behavior. Returns 18F, 19F, 
and 20M were recaptured at the same point in time and 
space after 49 days at large; their recovery position was 
18 miles (33.4 km) easterly in shoaler (69 fathoms = 126 
m) water. 


Composite Station 7 (See Figure 10 and 
Appendix Table 7) 


Ten recaptures have been reported from a single point 
release of 99 lobsters on the west side of Veatch Canyon 
on 2 May 1968. Mean depth at first capture was 200 
fathoms (366 m); mean depth at release was 100 fathoms 
(183 m). Eight of the recaptures were reported by specific 
location. Sex ratio at release was 77 females (77%) to 22 
males; the ratio of the returns was 7 females (70%) to 3 
males. 

Mean time at large for all recoveries was 477 days (1.3 
yr); greatest time at large for a located individual, a 
mature female, was 771 days (2.1 yr). This individual 
was recaptured 58 miles (107 km) north of the point of 
release in June 1970; its location in time and space is con- 
sistent with a working hypothesis of seasonal shoaling 
and return to home locality. 

Mean distance traveled by those lobsters with specific 
capture locations (8) was 29.3 miles (54.4 km). Two in- 
dividuals qualified as long migrants; one of these was the 
mature female noted above while the other was a mature 
male. 

Among the eight located recaptures, only one (8M) isa 
defined migrant and is consistent with the springtime 
shoaling hypothesis; this individual ranged shoalward 
from 100 to 63 fathoms (183-115 m) at a net speed of 1.8 
miles (3.3 km) per day. 


Composite Station 8 (See Figure 11 and 
Appendix Table 8) 


Four recaptures have been reported from a single point 
release of 50 lobsters on the east side of Atlantis Canyon 
on 14 June 1968. Mean depth at first capture was 70 
fathoms (128 m); mean depth at release was 86 fathoms 
(157 m). Two of the recoveries were reported by specific 
location and one by approximate location. Sex ratio at 
release was 30 females (60%) to 20 males; the ratio at 
Tecapture was 1 female to 3 males. 

Mean time at large for all recoveries was 386 days (1.1 
yt); greatest time at large for a located individual, a 
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mature male, was 734 days (2.0 yr), during which time 
apparent dispersion was 26 miles (48.2 km). 

Maximum dispersion was attained by 156M, a mature 
male, which was recaptured 114 miles (211 km) easterly 
near the head of Lydonia Canyon. A third individual, a 
mature female, was reported from the vicinity of Hudson 
Canyon, some 100 miles (185 km) westerly of release. 


Composite Station 9 (See Figure 12 and 
Appendix Table 9) 


Nineteen recaptures have been reported from a single 
point release of 143 lobsters on the west side of Atlantis 
Canyon on 15 June 1968. Mean depth at first capture was 
70 fathoms (128 m); mean depth at release was 100 
fathoms (183 m). Thirteen of the recaptures were 
reported by specific location and two by approximate 
location. Sex ratio at release was 72 females (50%) to 71 
males; the ratio at recapture was 11 females (58%) to 8 
males. 

Mean time at large for all recoveries was 623 days (1.7 
yr); greatest time at large, and record high overall, for a 
located individual (946M), a mature male at release, was 
1,549 days (4.2 yr). This individual was recaptured 118 
miles (219 km) easterly at Lydonia Canyon and had in- 
creased 63% in carapace length by virtue of at least three 
molts. 

Mean distance traveled by those lobsters with specific 
capture locations (13) was 36.1 miles (66.9 km). Three in- 
dividuals, a mature female, an initially immature male, 
and the mature male cited above, surpassed the 50-mile 
(92.7-km) range from point of release. 


Composite Station 10 (See Appendix Table 10) 


Three recaptures have been reported from a single 
point release of 39 lobsters some 15 miles (27.8 km) 
northeasterly of Atlantis Canyon on 16 June 1968. Mean 
depth at first capture was 90 fathoms (165 m); mean 
depth at release was 60 fathoms (110 m). All recaptures 
were reported by specific location. Sex ratio at release 
was 25 females (64%) to 14 males; the ratio at recapture 
was 2 females to 1 male, all being sexually immature. 

Mean time at large (48 days) and mean distance 
traveled (14 miles = 25.9 km) were lowest and second 
lowest, respectively, among all subgroups of returns. The 
low rate of return, and particularly the disappearance of 
the group after only 60 days at large, suggests that un- 
usually high mortality occurred shortly after release. 

Two of the three recoveries (34F, 41F) are migrants by 
definition; both were immature females and were taken 
only slightly shoaler than release depth. The directionali- 
ty of these tracks, as with many others among the defin- 
ed migrants, has not resulted in maximum shoaling for 
distance traversed; it seems plausible, however, that 
those individuals, especially immatures, captured and 
released well up on the shelf as late as June might, in the 
main, have already completed a migratory transition 
from colder slope water to the seasonably warmer shelf 


water prior to recapture. An extension of this reasoning 
suggests further that others captured and tagged at these 
midshelf depths were still en route to shoaler grounds 
(e.g., recapture 25F discussed under subsequent account 
of composite station 13). 


Composite Station 11 (See Figure 13 and 
Appendix Table 11) 


Six recaptures have been reported from a single point 
release of 84 lobsters 7 miles (12.9 km) north of Atlantis 
Canyon on 16 June 1968. Mean depth at first capture was 
60 fathoms (110 m); mean depth at release was 55 
fathoms (101 m). All of the recaptures were reported by 
specific location. Sex ratio at release was 47 females 
(56%) to 37 males; the ratio at recapture was 5 females 
(83%) to 1 male. 

Mean time at large for all recoveries was 361 days (1.0 
yr). Greatest time at large was 727 days (2.0 yr); the in- 
dividual involved was an immature female at release and 
one of two females in the subgroup of returns which sur- 
passed the 50-mile (92.7-km) range of dispersion from 
release point. Mean distance traveled by the six 
recoveries was 32.2 miles (59.7 km). 


Composite Station 12 (See Figure 14 and 
Appendix Table 12) 


Three recoveries have been reported from a single 
point release of 57 lobsters 10 miles (18.5 km) northeast 
of Block Canyon on 16 June 1968. Mean depth at first 
capture and at release was 60 fathoms (110 m). All three 
recaptures were reported by specific location. Sex ratio at 
release was 25 females (44%) to 32 males; the ratio at 
recapture was 1 female to 2 males. 

Mean time at large for all recoveries was 231 days (0.6 
yr); greatest time at large was 358 days (1.0 yr) during 
which time the record individual, a mature male at 
release, traveled 52 miles (96.4 km) east to the east side 
of Veatch Canyon. Mean distance traveled by the three 
recoveries was 30.3 miles (56.2 km). 


Composite Station 13 (See Figure 15 and 
Appendix Table 13) 


Forty recaptures have been reported from a composite 
total of 482 releases west of Block Canyon on 18 and 19 
June 1968. Mean depth at first capture was 60 fathoms 
(110 m); mean depth at release was 47 fathoms (86 m). 
Twenty-three of the recaptures were reported by specific 
location and three by approximate location. Sex ratio at 
release was 256 females (53%) to 226 males; the ratio at 
recapture was 25 females (62%) to 15 males. 

Mean time at large for all accountable (37) recoveries 
was 484 days (1.3 yr); greatest time at large for a located 
individual, a mature female at release, was 1,360 days 
(3.7 yr). This individual was recaptured 72 miles (133 
km) southwest from point of release. 


Mean distance traveled by those lobsters with specific 
capture locations was 52.1 miles (96.6 km), the record 
high average for all subgroups of returns. Twelve in- 
dividuals surpassed the 50-mile (92.7-km) range; ad- 
ditionally, three others were reported from the vicinity of 
Veatch Canyon which is well beyond the 50-mile (92.7- 
km) range from point of release. A disproportionate 
number (12/15) of the long-distance migrants were 
females; most of the females were sexually mature at 
release and all were sexually mature at recapture. 

Two females were recaptured in the coastal trap 
fishery off southern Long Island, N.Y. One of these (25F) 
was berried at release and at recapture after having 
migrated 75 miles (139 km) in 28 days (2.7 miles/day = 
5.0 km/day). The short term and long distance of this 
movement clearly supports an hypothesis of directed 
migration to warmer waters. The second female (335F) 
taken in the coastal zone was at large 465 days (1.3 yr) 
and, judging from its size at release, conceivably was 
engaged in a second or even third seasonal inshore migra- 
tion. 

Three recoveries (25F, 22F, 42M) are classified 
migrants. Return 25F, noted above, was recaptured in a 
local trap fishery at Fire Island Inlet, N.Y., in 7 fathoms 
(12.8 m) of water; vector and ground speed well ex- 
emplify the vernal shoaling concept. Return 22F was 
taken 14 days after release at a point 23 miles (42.6 km) 
southeasterly in slightly deeper water (60 fathoms = 110 
m) than depth at release (47 fathoms = 86.0 m); it is 
significant, perhaps, that recapture depth and original 
capture depth were identical. We do not imply that this 
individual sought to return to original depth, but given a 
depth/temperature constant relationship over short 
term, it is conceivable that this lobster sought to return 
to its original temperature stratum. Return 42M, an im- 
mature male, was recaptured 58 days later and 47 miles 
(87.1 km) northeasterly in 50 fathoms (91.4 m) of water; 
considering immaturity and time of year, the net track 
would seem biologically unproductive. 


Composite Station 14 (See Figure 16 and 
Appendix Table 14) 


Twenty-five recaptures have been reported from a 
composite total of 266 releases 15 miles (27.8 km) 
northwest of Block Canyon on 20 June 1968. Mean depth 
at first capture was 60 fathoms (110 m); mean depth at 
release was 49 fathoms (89.6 m). Twenty-two of the 
recoveries were reported by specific location and one by 
approximate location. Sex ratio at release was 146 
females (55%) to 120 males; ratio at recapture was 19 
females (76%) to 6 males. 

Mean time at large for all accountable (24) recoveries 
was 401 days (1.1 yr); greatest time at large for a located 
individual, a mature female at release, was 1,077 days 
(2.9 yr). This lobster (726F) was recaptured 181 miles 
(335 km) easterly near the head of Oceanographer Can- 
yon; the hypothetical straight-line track is the penulti- 
mate distance record and is exceeded slightly by that of 
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a mature female (249F) recaptured just off the north 
shore of Long Island, N.Y. (see Fig. 20). 

Mean distance traveled by those lobsters with specific 
capture locations was 46.9 miles (86.9 km). Eleven in- 
dividuals, fully half of the located returns, surpassed the 
50-mile (92.7-km) range with a disproportionate number 
(9) being females. Four of the eleven, all females, were 
taken by a single fisherman in the seasonal trap fishery 
off southern Long Island; unfortunately, only the tag 
letter code and sex were reported and we are unable to 
correlate beyond date and original release station. 

Among the 22 located recaptures, only one (33M) is a 
defined migrant; this individual moved southwesterly 
some 12 miles (22.2 km) and was recaptured at the same 
depth as at release. 

Return 269M, and the four females mentioned above 
(347F, 348F, 349F, 350F) were taken approximately 1 yr 
after release in the southern Long Island trap fishery in 
11-12 fathoms (20.1-21.9 m) of water; while not migrants 
in the strictly defined sense, these recaptures are special 
cases which probably represent directed migrations of 
the year (1969) in which captured. 


Composite Station 15 (See Figure 17 and 
Appendix Table 15) 


Ten recaptures have been reported from a single point 
release of 46 lobsters on the so-called Leg area of Georges 
Bank on 21 September 1968. Mean depth at first capture 
was 35 fathoms (64.0 m); release depth was 28 fathoms 
(51.2 m). Six of the recaptures were reported by specific 
location. Sex ratio at release was 23 females (50%) to 23 
males; the ratio at recapture was 6 females (60%) to 4 
males. 

Mean time at large for all recoveries was 434 days (1.2 
yt); greatest time at large for a located individual, a 
mature female at release, was 759 days (2.1 yr); this 
lobster apparently traveled only 12 miles (22.2 km), but 
it is evident from monthly distribution patterns 
developed later in this report that lobsters would not re- 
main localized in this general area; time at large closely 
approximates an anniversary of the initial tagging event 
in this area and supports an hypothesis of seasonal 
Trevisitation to shoaler, warmer water. 

Mean distance traveled by those lobsters with specific 
capture locations was only 16 miles (29.7 km); reference 
to Appendix Table 15 shows that five of the six account- 
able recoveries were taken 1 or 2 calendar years later 
during the warmest half of the year either at the shelf 
edge (548F), or relatively near the release area. The sixth 
(51F), taken in November, 44 days after release, was con- 
ceivably engaged in retreat from oncoming winter con- 
ditions to the warmer sanctuary of the shelf edge and 
slope. The high percentage (21.7) of recaptured lobsters 
from this release is second only to the slightly higher rate 
of recapture from Composite Station 2. 


Composite Station 16 (See Figure 18 and 
Appendix Table 16) 


Fifty-nine recaptures have been reported from a 
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composite total of 479 releases near the southwest corner 
of Georges Bank on 24, 25, and 26 September 1968. Mean 
depth at first capture was 50 fathoms (91.4 m); mean 
depth at release was 40 fathoms (73.2 m). Thirty-nine of 
the recaptures were reported by specific location and 
eight by approximate location. Sex ratio at release was 
196 females (41%) to 283 males; the ratio at return was 20 
females (34%) to 39 males. 

Mean time at large for all accountable (58) recoveries 
was 435 days (1.2 yr); greatest time at large for a located 
individual (932M), a mature male at release, was 1,407 
days (3.8 yr). 

Mean distance traveled by those lobsters with specific 
capture locations (39) was 34.8 miles (64.5 km). Nine in- 
dividuals, the majority being mature, surpassed the 50- 
mile (92.7-km) range. Additionally, four others, two 
males and two females, were reported from the Veatch 
Canyon area, some 50 miles (92.7 km) from point of 
release. Maximum dispersion (107 miles = 198 km) from 
release point was achieved by an immature male (362M) 
while at large 411 days (1.1 yr). 

Six of the 59 recaptures were migrants. Two of these 
(45F, 46M) were recaptured in October in slightly shoaler 
water; three (52F, 55F, 54M) were taken in November in 
slightly deeper (50 fathoms = 91.4 m) water, and one 
(75M) was taken the following January at a depth of 155 
fathoms (284 m). Considering the respective dates of 
recapture, the tracks show a net tendency toward return 
to deeper water with the onset of winter season. 


Composite Station 17 (See Figure 19 and 
Appendix Table 17) 


Twenty-seven recaptures have been reported from a 
composite total of 223 releases near the head of Lydonia 
Canyon on 15 and 16 October 1968. Mean depth at first 
capture was 45 fathoms (82.3 m); mean depth at release 
was 71 fathoms (130 m). Fourteen lobsters were reported 
by specific location and seven by approximate location. 
Sex ratio at release was 138 females (62%) to 85 males; 
the ratio at return was 14 females (52%) to 13 males. 

Mean time at large for all accountable (20) recoveries 
was 652 days (1.8 yr); greatest time at large for a located 
individual, a mature male at release, was 1,372 days (3.8 
yr). 

Mean distance traveled by those individuals with 
specific capture locations (14) was 37.4 miles (69.3 km); 
four individuals, three mature females and one mature 
male, surpassed the 50-mile (92.7-km) range as did six 
others which were reported from approximated canyon 
localities. Among this latter group, five of the six were 
larger, sexually mature individuals at release, thus con- 
firming the apparent tendency of larger lobsters to 
migrate or disperse more so than smaller individuals. 
Maximum dispersion (132 miles = 245 km) was achieved 
by a mature male (937M) which had been at large 973 
days (2.7 yr); this individual was recaptured in a coastal 
trap fishery on outer Cape Cod. 

The single migrant of this group, a mature male (56M), 
moved easterly some 29 miles (53.7 km) over a period of 


39 days and was recaptured at a depth of 100 fathoms 
(183 m); track direction and timing is consistent with 
hypothesized overwintering at and below the continental 
shelf margin. Return 357F, recaptured in October of the 
following year, is regarded as a migrant of the year 1969. 


Composite Station 18 (See Figure 20 and 
Appendix Table 18) 


Two hundred thirteen recaptures have been reported 
from a composite total of 1,350 releases some 7 miles 
(13.0 km) easterly of the head of Veatch Canyon on 30 
April and 1 and 2 May 1969. Mean depth at first capture 
was 137 fathoms (251 m); mean depth at release was 71 
fathoms (130 m). These subgroups, like several others, 
were released shoaler than capture depth to avoid the 
likelihood of immediate recapture by our own vessel or 
other commercial vessels trawling in the vicinity of in- 
itial capture. One hundred eleven of the recaptures were 
reported by specific location and 36 by approximate loca- 
tion. In Figure 20 the recoveries are grouped and plotted 
by 6-minute squares for reasons given earlier. Sex ratio at 
release was 582 females (43%) to 768 males. The ratio at 
return was 97 females (46%) to 116 males. 

Mean time at large for all accountable (208) recoveries 
was 275 days (0.7 yr). Maximum time at large for a 
located individual (863F), a mature female at release, 
was 950 days (2.6 yr), during which time net displace- 
ment from release locality was only 7 miles (13.0 km). 

Mean dispersion of the 111 recaptures with specific 
capture locations was 25.3 miles (46.9 km). Ten females 
and six males, the majority being mature at release, sur- 
passed the 50-mile (92.7-km) range; among these 16, 
four (249F, 477F, 359M, 720M) ranged well beyond 100 
miles (204 km). 

Fifteen of the recoveries are defined migrants. The 
foremost example among these was 249F, a 90-mm 
female at release; this individual traveled a record 186 
miles (345 km) in 71 days (2.6 miles/day = 4.8 km/day) 
and was recaptured in July in a trap fishery at 7 fathoms 
(12.8 m) depth on the north shore of Long Island. This 
extensive penetration into Long Island Sound might be 
interpreted as an initially directed shoalward vector 
toward Block Island Sound with unintended overrun into 
eastern Long Island Sound; thereafter, a southwesterly 
track would conceivably lead to the vicinity of recapture 
on the north shore of Long Island. Alternatively, once 
having entered the constricted eastern end of Long Island 
Sound, any near-southerly track would result in shoaling 
on the extensive north shore of Long Island and present 
the dilemma of choosing correctly between an easterly or 
westerly course for ultimate return to the open ocean. A 
westerly track alongshore would also, in this conjectural 
situation, effectively lead 249F to the point of recapture. 
This unforeseen situation raises the possibility that other 
lobsters of offshore origin may follow similar pathways 
and become entrapped in Long Island Sound by virtue of 
its confining geography. 

The defined migrants within this group are listed 
below along with track bearing, ground speed, and depth 
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change, and the positive values of depth change signify — 


shoalward movement: 


Ground speed Depth change 
Return no. Bearing mi/day km/day fathoms __ meters 
249F 302° 2.6 4.8 +68 +124 
263F 348° 0.9 1.7 +50 +91 
240F 036° 2.1 3.9 +36 +66 
254F 069° 0.6 1.1 +42 +77 
271F 278° 0.3 0.6 —20 —37 
283F 073° 0.2 0.4 —20 =37 
166F 060° 0.6 1.1 0 0 
158F 058° 0.5 0.9 —5 -9 
221F 081° 0.2 0.4 +10 +18 
201M 072° 0.8 1.5 0 0 
311M 006° 0.4 0.7 +45 +82 
199M 067° 0.7 1.3 +5 +9 
266M 296° 0.2 0.4 +15 +27 
160M 066° 0.6 1.1 -12 —22 
300M 072° 0.2 0.4 —20 —37 


The initial bearing of 249F is measured to a point east — 


of Montauk Point consistent with assumed straight-line 
penetration of eastern Long Island Sound; the subse- 
quent track or tracks to point of recapture are highly con- 
jectural as discussed above. Eight of the fifteen migrants 
moved shoalward, two remained at release depth, and 
five moved to deeper water. Among the five returning to 
deeper water, three were immature females. 


Composite Station 19 (See Figure 21 and 
Appendix Table 19) 


One hundred four recaptures have been reported from 
a single point release of 751 lobsters some 12 miles (22.2 
km) southwesterly of Hydrographer Canyon on 4 May 
1969. Depth at first capture was 150 fathoms (274 m); 
depth at release was 65 fathoms (119 m). Sixty-one 
recaptures were reported by specific location and 24 by 
approximate location. Sex ratio at release was 362 
females (48%) to 389 males; the ratio at return was 57 
females (55%) to 47 males. 

Mean time at large for all accountable (96) recoveries 
was 286 days (0.8 yr); greatest time at large for a located 
individual (673F), a mature female at release, was 744 
days (2.0 yr). 

Mean distance traveled by individuals with specific 
capture locations (61) was 26.7 miles (49.5 km); seven in- 
dividuals (294F, 610F, 246M, 317M, 480M, 570M, 577M) 
exceeded the 50-mile (92.7-km) range from release point. 
Six of these seven long-ranging individuals were sexually 
mature at release; the seventh (480M) was mature at 
recapture some 10 mo from release. 

Maximum dispersion (125 miles = 232 km) was 
achieved by a mature male (317M) which moved 
northeasterly onto Georges Shoals at an apparent ground 
speed of 1.4 miles (2.6 km) per day. Two others (294F, 
570M) also exceeded the 100-mile (185-km) range; these 
three cases of wide dispersion from release point are good 
examples of the contrasting distinction between defined 
migrants (317M and 294F) and the defined indeter- 
minate (570M): the former show ground speeds in excess 


of 1 mile (1.85 km) per day along hypothetical track lines 
that are probably realistic approximations of actual 
tracks made good; the latter (570M) was recaptured 14 
mo after release and shows a net displacement of 115 
miles (213 km). In this situation, the track is simply a 
straight-line resolution of some unknown number of 
movements over long term which have resulted in a ma- 
jor westerly displacement; the timing and directionality 
of the component steps cannot be deduced or inferred 
from the available information. 

The defined migrants (13) within this group are listed 
below with ground speed and depth change: 


Ground speed Depth change 
Return no. mi/day km/day fathoms __ meters 

255F 0.6 11 +45 +82 
294F 11 2.0 +47 +86 
654F Ll 2.0 +32 +59 
146F 0.4 0.7 0 0 
152F 0.4 0.7 1 -13 
184F 0.4 0.7 +10 +18 
191F 0.3 0.6 +15 ae 
282F 0.1 0.2 —25 —46 
246M 0.8 1.5 +48 +88 
290M. 0.5 0.9 —25 —46 
317M 1.4 2.6 +38 +70 
190M 0.3 0.6 +15 +27 
194M 0.4 0.7 +10 +18 


Composite Station 20 (See Figure 22 and 
Appendix Table 20) 


Forty-four recaptures have been reported from a 
composite total of 387 releases made 25 miles (46.3 km) 
southwest of Corsair Canyon over the 3-day period, 7, 8, 
and 9 May 1969. Mean depth at first capture was 173 
fathoms (316 m) with range 160-180 fathoms (293-329 
m); depth at release for all releases was 50 fathoms (91.4 
m). Thirty-seven recaptures were reported by specific 
location and one by approximate location. Sex ratio at 
telease was 274 (71%) females to 113 males; the ratio at 
return was 29 (66%) females to 15 males. 

Mean time at large for accountable (44) recoveries was 
199 days (0.5 yr); greatest time at large for a located in- 
dividual (897M), a mature male at release, was 1,075 
days (2.9 yr) with recapture 27 miles (50.0 km) from 
release point. 

Mean distance traveled by individuals with specific 
capture locations (37) was 30.4 miles (56.3 km); four in- 
dividuals (306F, 315F, 578F, 697F), all sexually mature 
females, equalled or exceeded the 50-mile (92.7-km) 
range from point of release. Maximum dispersion (143 
miles = 265 km) was attained by 697F which was recap- 
tured near Veatch Canyon 761 days (2.1 yr) following 
release. This group of recoveries includes the second 
largest number (21) and percentage (56) of definable 
migrants, 21 of 37. Collectively, the migrants are 
characterized by relatively large size, a high proportion 
(76%) of females, and, among the females, a high propor- 
tion (44%) with external eggs at release. 
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The defined migrants (21) within this group are listed 
below with track bearing, ground speed, and depth 
change: 


Ground speed Depth change 
Return no. Bearing mi/day __km/day fathoms meters 
148F 056° 1.0 1.9 —85 —155 
161F 22 0.8 1.5 —40 —73 
244F 329° 0.5 0.9 +16 +29 
252F 329° 0.5 0.9 +16 +29 
259F 327° 0.7 1.3 +23 +42 
276F 337° 0.5 0.9 +18 +33 
277F 337° 0.5 0.9 +18 +33 
306F 323° 0.5 0.9 +22 +40 
314F 314° 0.6 1.1 +23 +42 
315F 315° 0.6 1.1 +23 +42 
171F 036° 0.3 0.6 —45 —82 
198F a22e 0.4 0.7 =35 —64 
209F 079° 0.2 0.4 —42 —71 
228F 225° 0.2 0.4 —30 —55 
239F 079° 0.2 0.4 —32 —59 
247F 009° 0.3 0.6 +11 +20 
149M 056° 1.0 1.9 —85 —155 
150M 043° 1.0 1.9 —85 —155 
200M 334° 0.8 1.5 +13 —24 
285M 325° 0.5 0.9 +20 —sai/ 
210M 079° 0.2 0.4 =32 —59 


It will be noted from the preceding table and Figure 22 
that 10 of the 11 migrants showing shoalward displace- 
ment were recovered within a 33° arc relative to release 
point; the significance of this tight grouping is evident 
only when the recovery positions are plotted on a detailed 
bathymetric chart of the area encompassed from which it 
can be seen that the recapture locations are coincident 
with several areas that are heavily fished in summer 
months by trawlers fishing primarily for yellowtail 
flounders. The rugged topography of Georges Bank 
shoalward of 30 fathoms (54.9 m), coupled with strong 
tidal currents, greatly limits trawler activity and hence 
the incidental catch of shoaling lobsters to those areas 
that are topographically compatible with otter trawl 
fishing. The relatively large number of tagged lobsters 
recaptured on this shoaler part of Georges Bank (see also 
Fig. 24 and related discussion) indicates that this upper 
reach of the Bank as a whole supports a major summer- 
time concentration of lobsters originating from the con- 
tinental margin and slope from Veatch Canyon eastward. 


Composite Station 21 (See Figure 23 and 
and Appendix Table 21) 


Twenty-three recaptures have been reported from a 
single point release of 166 lobsters near the head of 
Lydonia Canyon on 6 June 1969. Depth at first capture 
was 70 fathoms (128 m); depth at release was 57 fathoms 
(104 m). Fifteen recaptures were reported by specific 
locations and six by approximate location. Sex ratio at 
release was 82 females (49%) to 84 males; the ratio at 
return was 7 females (30%) to 16 males. 

Mean time at large for all accountable (19) recoveries 
was 264 days (0.7 yr); greatest time at large for a located 
individual (851M), a mature male at release, was 885 
days (2.4 yr). 


Mean distance traveled by individuals with specific 
capture locations (15) was 30.1 miles (55.8 km); four in- 
dividuals (186F, 262F, 399F, 352M), all sexually mature 
at release, exceeded the 50-mile (92.7-km) range from 
release point. 

Maximum dispersion was attained by 399F which 
moved a net distance of 82 miles (152 km) easterly over a 
period of 167 days (0.4 yr). 

The defined migrants (4) within this group of recap- 
tures are listed below with track bearing, ground speed, 
and depth change: 


Ground speed Depth change 

Return no. Bearing mi/day _km/day fathoms meters 
262F 032° 1.7 3.2 +24 +44 
352M 304° 0.6 1.1 +2 +4 
230M 117° 0.5 0.9 —23 —42 
231M 117° 0.5 0.9 —23 —42 


Return 262F (44 days at large) approaches the idealiz- 
ed view of seasonal shoalward migration, but 352M, 
230M, and 231M do not. In view of their relatively short 
term at large (22 days) it is possible that these last three 
had simply reoriented toward the depth-temperature 
stratum prevailing at first capture. 

Recoveries 185F, 186F, and 399F fall outside the 
migrant classification, but represent significant disper- 
sions with respect to time at large or distance. Both 185F 
and 186F were at large less than 10 days, but made 
seemingly directed tracks (without depth change) of 40 
miles (74.1 km) and 52 miles (96.4 km), respectively, at 
calculated ground speeds in excess of 5 miles (9.3 km) per 
day. Return 399F (167 days at large) was captured at a 
point 82 miles (152 km) westerly and 17 fathoms (31.1 m) 
shoaler than point of release; this dispersion is open to in- 
terpretation, but may represent the outbound limit of a 
shoalward migration or simply a point on an inbound 
return from an even shoaler location. 


Composite Station 22 (See Figure 24 and 
Appendix Table 22) 


Forty-six recaptures have been reported from a 
composite total of 422 releases some 20 miles (37.1 km) 
southwest of the head of Corsair Canyon on 10 and 11 
June 1969. Mean depth at first capture was 87 fathoms 
(159 m); mean depth at release was 51 fathoms (93.3 m). 
Thirty-nine lobsters were reported by specific location 
and one by approximate location. Sex ratio at release was 
280 females (66%) to 142 males; the ratio at return was 28 
females (61%) to 18 males. 

Mean time at large for all accountable (43) recoveries 
was 157 days (0.4 yr); greatest time at large for a located 
individual (898M), a mature male at release, was 1,034 
days (2.8 yr) with recapture 11 miles (20.4 km) from 
release point. This individual showed a 39% increase in 
carapace length at recapture which suggests that at least 
two molts occurred during its time at large. 
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Mean distance traveled by individuals with specific 
capture locations (39) was 44 miles (81.5 km); five in- é 
dividuals (237F, 575F, 770F, 303M, 747M) surpassed the | 
50-mile (92.7-km) range from point of release by a con- iz 
siderable margin (range 87-164 miles = 161-304 km). \, 
Maximum movement was attained by 747M (see Fig. 24) b 
which was recaptured 865 days (2.4 yr) following release; f 
runner-up in this category was 575F, a large egg-bearing — 
female at release, which was taken in a coastal trap j 
fishery at Truro Beach, Mass., 431 days (1.2 yr) followanea 
release. 

This group of recoveries includes the largest number — 
(28) and percentage (71) of definable migrants with 28 of | 
39 located recoveries meeting the “migrant’’ criteria — 
defined previously. The migrants here, as at station 20, 
are characterized by large mean size, a high proportion 
(61%) of females, and, among the females, a high propor- 
tion (59%) with external eggs at release. 

Bearing, ground speed, and depth change are given 
below: 


Ground speed Depth change 
Return no Bearing mi/day _km/day fathoms meters 
236F 316° 1.7 3.2 +17 +31 
237F 240° 4.4 8.2 -8 —15 
238F 337° 1.5 2.8 +18 +33 
251F 338° 1.0 1.9 +18 +33 
260F 331° 1.0 1.9 +25 +46 
284F 322° 0.5 0.9 +17 +31 
287F 328° 0.6 1.1 +21 +38 
288F 332° 0.6 1.1 +22 +40 
293F 329° 0.6 1.1 +14 +26 
307F 302° 0.7 1.3 +22 +40 
308F 302° 0.7 1.3 +22 +40 
309F 302° 0.7 1.3 +22 +40 
316F 307° 0.9 1.7 +25 +46 
336F 300° 0.5 0.9 +25 +46 
337F 300° 0.5 0.9 +25 +46 
339F 310° 0.5 0.9 +20 +37 
208F 117° 0.8 1.5 —40 -73 
222M 322° 1.0 129) +14 +26 
242M 333° 1.4 2.6 +12 +22 
243M 330° 1.4 2.6 +20 +37 
248M 325° 1.3 2.4 +24 +44 
258M 317° 0.9 1.7 +23 +42 
261M 331° 0.9 Wee +19 +35 
278M 317° 0.7 1.3 +18 +33 
303M 243° 1.6 3.0 —23 —42 
310M 341° 0.6 1.1 +20 +37 
341M 317° 0.4 0.7 +18 +33 
342M 317° 0.4 0.7 +18 +33 


All but three (208F, 237F, 303M) of the migrants rang- 
ed significantly shoalward from point of release and were 
recaptured within 89 days from date of release. Migrant 
208F moved quickly toward deeper water approximating 
depth at first capture; migrant 237F, a large egg-bearing 
female, moved rapidly some 87 miles (161 km) in 20 days 
to be recaptured near the head of Oceanographer Canyon 
in only slightly deeper water; migrant 303M, a large 
male, moved 123 miles (228 km) in 76 days to be recap- 
tured on the east flank of Hydrographer Canyon in 
significantly deeper water. These movements do not con- 
form to a working hypothesis of springtime shoalward 


migration but they illustrate the kind of exceptions that 
inevitably arise in attempted classification of the 
movements of tagged animals over a short term; the long 
distance traveled by 237F and 303M, both at high rates 
of speed, tend to infer directionality on their movements 
that are inconsistent with our hypothesis; the close 
agreement of the track bearings might well be coin- 
cidence, but a rational conclusion, nevertheless, is that 
the tracks are similar results of disoriented attempts to 
return to original release depth. 

The exceptions noted above notwithstanding, the 
balance (25) of these migrants effected movements that 
were highly consistent in directionality, time at large, 
and distance. Inspection of Appendix Table 22 shows 
that all were recaptured within the range 20-89 days at 
net distances from point of release ranging from 22 to 48 
miles (40.8-89.0 km); bearings of the net tracks are con- 
fined to the narrow range 300°-341° with effective shoal- 
ing ranging from 17 to 25 fathoms (31.1-45.7 m). This 
particular group of defined migrants amply supports our 
prevailing hypothesis and serves to illustrate better than 
any other the concept of the outbound (shoalward) phase 
of seasonal migration. 


Composite Station 23 (See Figure 25 and 
Appendix Table 23) 


Thirty-four recaptures have been reported from a 
composite total of 301 releases near the east flank of 
Welker Canyon on 19 and 20 June 1969. Mean depth at 
first capture was 61 fathoms (112 m); mean depth at 
telease was 82 fathoms (150 m). Twenty-eight lobsters 
were reported by specific location and two by ap- 
proximate location. Sex ratio at release was 139 females 
(46%) to 162 males; the ratio at return was 20 females 
(59%) to 14 males. 

Mean time at large for all accountable (32) recoveries 
was 249 days (0.7 yr); greatest time at large for a located 
individual (848F), an egg-bearing female at release, was 
506 days (1.4 yr) with recapture 16 miles (29.7 km) from 
original release point. 

Mean distance traveled by individuals with specific 
capture locations (28) was 35 miles (64.9 km); eight in- 
dividuals (576F, 728F, 771F, 562M, 564M, 767M, 769M, 
797M) surpassed the 50-mile (92.7-km) range from point 
of release with two of these (728F, 797M) exceeding 100 
miles (185 km). Maximum dispersion of 126 miles (234 
km) westerly was accomplished by 728F while at large 
348 days (0.95 yr); this individual bore ripe external eggs 
at recapture which, coupled with zero growth over the 
period at large, implies that egg deposition occurred 
shortly after release. 

Only four of the recaptures qualify as migrants; all 
were recaptured in significantly shoaler water with at 
least three of the four effecting large-scale movements 
over relatively short term. Calculated bearing, ground 
speed, and depth change of these migrants are given 
below: 
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Ground speed Depth change 


Return no. Bearing mi/day _km/day fathoms meters 
576F 313° 1.1 2.0 +59 +108 
584F 344° 0.5 0.9 +51 +93 
562M 285° 5.0 9.3 +52 +95 
564M 282° 5.5 10.2 +50 +91 


The net tracks exhibited by 576F and 548F approach 
the idealized view of directed shoalward movements; the 
tracks of 562M and 564M are good, in the comparative 
sense, but less than ideal in terms of the best vector 
toward shoaler water. These two migrants rank first and 
third for calculated ground speed among the 117 defined 
migrants. 

Probable migrations are evident in the respective 
locations of at least four other individuals (767F, 769M, 
797M, 771F); each of these lobsters was recaptured ap- 
proximately 1 yr after release at depths (20-35 fathoms = 
36.6-64.0 m) consistent with hypothesized summertime 
distribution. It should be noted that here, as elsewhere, 
perambulations beyond one season cannot be ap- 
proximated by a straight-line track; this simple conven- 
tion is probably a valid estimator in cases of defined 
migrants, but where movements are summed over two or 
more migration cycles, the track-line can be nothing 
more than a measure of temporal displacement from 
point of release. 


Composite Station 24 (See Figure 26 and 
Appendix Table 24) 


Twenty-two recaptures have been reported from a 
composite release of 173 lobsters 10 miles (18.5 km) west 
of Oceanographer Canyon on 19 and 22 June 1970. Mean 
depth at first capture was 59 fathoms (108 m); mean 
depth at release was 57 fathoms (104 m). Fifteen lobsters 
were reported by specific location and four by ap- 
proximate location. Three recaptures were reported 
without location information of any kind. Sex ratio at 
release was 72 females (42%) to 101 males; the ratio at 
return was 14 females (64%) to 9 males. 

Mean time at large for all accountable (22) recoveries 
was 290 days (0.8 yr); greatest time at large for a located 
individual (883F), a mature female at release, was 512 
days (1.4 yr) with recapture 18 miles (33.4 km) from 
release point. 

Mean distance traveled by individuals with specific 
capture locations (15) was 24 miles (44.5 km); two in- 
dividuals (569F, 648M) surpassed the 50-mile (92.7-km) 
radius of dispersion. Recapture 569F, the only qualified 
migrant among the returns, moved 74 miles (137 km) 
southwesterly in 16 days (4.6 miles/day = 8.5 km/day) to 
equivalent depth near Veatch Canyon; recapture 648M 
was taken 136 miles (252 km) westerly near Block Can- 
yon following 207 days at large. 


Composite Station 25 (See Figure 27 and 
Appendix Table 25) 


Ten recaptures have been reported from a composite 
release of 60 trap-caught lobsters near Block Canyon on 6 


and 7 January 1971. Twenty-four were captured, tagged, 
and released at 115 fathoms (210 m); 36 others were 
taken, tagged, and released at 212 fathoms (388 m). All 
recaptures were reported by specific location. Sex ratio at 
release was 30 females (50%) to 30 males; the ratio at 
recapture was 6 females (60%) to 4 males. 

Mean time at large for the 10 recoveries was 285 days 
(0.8 yr); greatest time at large for a given individual 
(920M), a mature male at release, was 530 days (1.5 yr) 
with subsequent recapture 4 miles (7.4 km) from release 
point. 

Mean distance ranged by the 10 recaptures was 15 
miles (27.8 km); maximum dispersion of 54 miles (100 
km) was attained by 798F while at large 163 days (0.4 
yr); all other dispersions were 29 miles (53.7 km) or less 
with two (735F, 734M) recaptured at original release 
locations following some 6 mo at large. 

None of the recaptures meet the migrant criteria as 
defined. 


Composite Station 26 (See Appendix Table 26) 


Only a single recapture has been reported from a 
composite total of 54 releases (trap-caught) southwest of 
Hudson Canyon on 25 January and 21 February 1971. 
The initial group of 50 lobsters was caught and released 
at 225 fathoms (412 m); the second group of four was 
caught and released at 300 fathoms (549 m). Sex ratio at 
release was 17 females (31%) to 37 males. 

The single recovery (647M), a mature male at release, 
was at large 112 days (0.3 yr) prior to recapture at an un- 
specified location. 


Composite Station 27 (See Figure 28 and 
Appendix Table 27) 


Eleven recaptures have been reported from a 
composite release of 194 trap-caught lobsters 15 miles 
(27.8 km) south of Baltimore Canyon on 7, 8, 10, and 11 
February 1971. Forty-seven were captured and released 
at 185 fathoms (338 m); 24 were captured and released at 
292 fathoms (534 m); 123 were captured and released at 
150 fathoms (274 m). All of the recaptures were reported 
by specific location. The sex ratio at release was 99 
females (51%) to 95 males; the ratio at return was 6 
females (54%) to 5 males. 

Mean time at large for all recoveries was 452 days (1.3 
yr); greatest time at large was 620 days (1.7 yr) with net 
displacement of only 4 miles (7.4 km). 

Mean distance traveled by the 11 recaptures was 24 
miles (44.5 km); two individuals (740F, 917F) exceeded 
the 50-mile (92.7-km) range. Maximum dispersion was 
attained by 917F which was taken in a coastal trap 
fishery near Cape May, N.J., some 71 miles (132 km) 
from release location. 

None of the recaptures meet migrant criteria. 


Composite Station 28 (See Appendix Table 28) 


Three recaptures have been reported from a single 
point release of 29 trap-caught lobsters 25 miles (46.3 
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km) southwest of Hudson Canyon on 22 February 1971. 
Capture and release depth was 250 fathoms (457 m); sex 
tatio at release was 14 females (48%) to 15 males. 
Mean time at large for the three recoveries was 184 
days (0.5 yr); greatest time at large was 479 days (1.3 yr) 
with only 9 miles (16.7 km) displacement from release 
locality. { 
Mean distance ranged by the three recoveries was only | 
7.6 miles (14.1 km), the range being 7-9 miles (13.0-16.7 
km). | 
None of these recaptures meet the migrant criteria as_ 
defined. 


Composite Station 29 (See Figure 29 and 
Appendix Table 29) 


One hundred fifty-five recaptures have been reported 
from a composite release of 805 trap-caught lobsters at 
Veatch Canyon on 9 and 10 May 1971. 

This series of releases was made by one of us (Richard 
A. Cooper) while participating as scientific observer dur- 
ing commercial trap-fishing operations of the FV Wily 
Fox owned and operated by the Prelude Lobster Corpora- 
tion of Westport, Mass. The lobsters that were tagged 
were, for the most part, either sublegal by size, or egg- 
bearing females, and would normally have been discard- 
ed as the traps were hauled and emptied. This tagging 
strategy was not used on any other cruise. All other 
lobsters were trawl-caught or trapped (composite 
stations 25, 26, 27, 28) by research vessels previously 
named; among these trap-caught lobsters all that were 
viable at capture were tagged and released with the ex- 
ception of those which were dead or moribund (<1%) 
after the posttagging holding period. 

One hundred fifty of the tagged lobsters were captured 
and released at 60 fathoms (110 m); the second group of 
655 was captured and released at 55 fathoms (101 m). | 
Sixty-three of the recaptures were reported by specific | 
location, 83 by approximate location, and 9 without loca- | 
tion information of any kind. Sex ratio at release was 621 
females (77%) to 184 males; the ratio of recaptures was — 
105 females (68%) to 50 males. 

Mean time at large for all accountable (154) recoveries 
was 183 days (0.5 yr); greatest time at large for a located 
individual (953F), an immature female at release, was 
492 days (1.3 yr) with recapture 18 miles (33.4 km) from 
release point. 

Mean distance traveled by individuals with specific 
capture locations (63) was 15 miles (27.8 km); five 
lobsters (721F, 738F, 926F, 758M, 895M) surpassed the 
50-mile (92.7-km) range with each of the two males ex- 
ceeding 100 miles (185 km). Maximum dispersion of 111 
miles (206 km) northerly to Cuttyhunk Island was at- 
tained by 758M while at large 108 days; this migration 
(by prior definition) into the coastal trap fishery is a 
further example of the evident, but unmeasured, annual 
recruitment to coastal stocks by lobsters of offshore 
origin. The net dispersion of 895M over 221 days to a 
point 102 miles (189 km) westerly could conceivably have 
been the summation of a shoalward migration such as 
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that of 758M followed by an equal, but nonreciprocal 
return leg leading back to the point of capture west of 
Block Canyon; we believe that this hypothetical kind of 
two-stage movement could account for many of the ap- 
parently directed easterly or westerly movements. 

Only four of the recaptures qualify as migrants; all 
were recaptured in significantly shoaler water with three 
of the four effecting large-scale movements ap- 
proximating 1 mile (1.85 km) per day while at large. 
Each of the tracks show optimal or near optimal direc- 
tionality relative to the shoaling objective. Calculated 
bearing, ground speed, and depth change of these 
migrants are as follows: 


Ground speed Depth change 

Return no. Bearing mi/day _km/day fathoms meters 
721F 004° 1.0 1.9 +38 +70 
738F 004° 0.9 1.7 +30 +55 
TI9F 018° 0.5 0.9 +35 +64 
758M 322° 1.0 1.9 +55 +101 


SUMMARY OF DEFINED MOVEMENTS 


It should be recalled that this report deals with 945 
recaptured lobsters among which 584 (62%) of the total 
were reported by specific location and hence classifiable 
according to the scheme outlined in the section on migra- 
tion versus dispersion. According to the criteria laid 
down, 117 recaptures have been defined as migrants, 15 
as nonmigrants, 147 as residual nonmigrants, and 297 as 
indeterminates, thus yielding a total of 576 defined 
movements. The discrepancy between the total of 584 
located recaptures and 576 defined movements is due to 
the fact that eight of the located recaptures were 
reported without a date of recapture and hence could not 
be classified. 

Among the 117 defined migrants, 74 (63%) effected net 
shoalward movements of 10 fathoms (18.3 m) or more 
beyond the release point (Table 2). Although these tracks 
have been depicted in preceding figures as elements of 
the overall recovery patterns of their respective release 
group, it is instructive to isolate them from their original 
cohorts and examine them collectively. The intent of 
Figures 30-32 is to show more clearly the variability of 
performance of the migrants which conform with our 
hypothesis of vernal shoalward migration while 
eliminating the confounding effects of other kinds of 
movements. 

The ratio of these conforming (shoaling) migrants to 
the sum total of defined movements is 74:576. This 
grouping permits the inference from these tag returns 
that some 13% of the population at large annually 
engages in seasonal shoalward migration to a greater or 
lesser degree. 

It is important to note that 297 of the 576 classified 
movements fall in the indeterminate category. This 
group constitutes 51% of the classified movements and 
includes a significant number of dispersions which, while 
failing to meet the migrant criteria because of the 120- 
day time constraint, may be subjectively interpreted as 
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migrants on the basis of relative dislocation from the | 


continental margin and month of recapture. 


In order to give fuller consideration to these ) 


movements, and to assess their additive effect on the 
previously derived estimate of 13% participation in an- 
nual shoalward migration, we have selected and redefin- 
ed as probable migrants those indeterminates whose 
recapture locations were at least 50 miles (92.7 km) from 


original release locality and at least 50 miles (92.7 km) | 


from the nearest margin of the continental shelf. These 
highly restrictive criteria admit only 22 additional en- 
tries (Table 2) to the asserted list of conforming (shoal- 
ing) migrants and raises the theoretical ratio of 
shoalward migrations to 17%. We have assumed that the 
shoalward excursions of these probable migrants com- 
menced in springtime from the shelf margin in the vicini- 
ty of first capture or, alternatively, from some other point 
on the shelf margin no less than 50 miles (92.7 km) from 
point of recapture. These restrictions effectively exclude 
a considerable number of other indeterminates of only 
slightly lesser performance. If we assume that 13% of the 
indeterminates, or 39 lobsters, demonstrated vernal 
shoaling, as was the estimate from the defined migrants, 
the revised estimate of shoalward migration would be 
20% (74 + 39 = 1138, or 20% of 576). We can conclude 
from this review and reassessment of movements that at 
least 17-20% of the tagged population engaged in 
seasonally directed shoalward migration, that some 25% 
remained more or less localized (nonmigrants), and that 
the balance of classified movements (indeterminates) 
might, by more definitive criteria, be assignable to one or 
the other of the first two categories. We believe that the 
17-20% estimate of shoalward migration is highly conser- 
vative. The major impediment to correct allocation of 
the movements observed is our unsatisfactory knowledge 
of 1) homing tendencies and 2) the realistic limits on the 
radius of dispersion of localized movements in any given 
year. Until these issues are resolved by further ex- 
perimentation (sonic tagging with periodic tracking), we 
have no basis for classification other than the partly ar- 
bitrary system we have used. We believe, nevertheless, 
that the deductive process used is substantially valid and 
provides an acceptable interpretation of the seasonal 
movements of lobsters comprising the offshore stock. The 
following sections on the monthly distribution of recap- 
tures in relation to depth and temperature further sub- 
stantiates the arguments advanced heretofore. 


DEPTH DISTRIBUTION AT RECAPTURE 


Analysis of the depth distribution of recaptured 
lobsters by month of capture shows a pronounced 
cyclical pattern of shoaling during the shelf warming 
period followed by retreat to the shelf margin and slope 
in winter months. These trends are summarized in 
Figure 33 which shows mean depth at recapture by 
quarterly periods over the 4-yr period 1968-72. 

Inspection of third quarter (July, August, September) 
averages shows relatively little deviation from the 4-yr 
mean of 50 fathoms (91.4 m); similarly, fourth quarter 


; 


Table 2.—Recapture data for 74 shoalward migrating lobsters demonstrating shoaling of 10 fathoms (18.3 m) or more and 22 probable migrants 
whose recapture location was at least 50 nautical miles (92.7 km) from release and at least 50 miles from nearest margin of continental shelf. 


Figures Return no. Nauti- Days Average Depth 
30-32 and composite cal at speed change 
vectorno. station no. miles large (mi/day) (fathoms) 


1 3F-3 102 29 3.5 60 
2 29F-3 77 118 0.6 7. 
3 4F-5 11 36 0.3 34 
4 26F-5 38 37 1.0 18 
5 27F-5 38 37 1.0 20 
6 28F-5 56 50 1.1 78 
7 10F-6 24 33 0.7 42 
8 18F-6 18 49 0.4 29 
9 19F-6 18 49 0.4 29 
10 20M-6 18 49 0.4 29 
11 8M-7 if 39 1.8 37 
12 41F-10 20 60 0.3 10 
13 25F-13 75 28 Dall 38 
14 221F-18 12 54 0.2 10 
15 240F-18 66 32 2.1 36 
16 249F-18 186 71 2.6 68 
17 254F-18 41 71 0.6 42 
18 263F-18 76 80 0.9 50 
19 266M-18 21 85 0.2 15 
20 311M-18 39 106 0.4 45 
21 184F-19 15 40 0.4 10 
22 191F-19 14 43 0.3 15 
23 255F-19 45 70 0.6 45 
24 294F-19 118 107 1.1 47 
25 654F-19 47 41 Wal 32 
26 190M-19 14 43 0.3 15 
27 194M-19 17 42 0.4 10 
28 246M-19 51 67 0.8 48 
29 317M-19 125 86 1.4 38 
30 244F-20 27 60 0.4 16 
31 247F-20 18 62 0.3 11 
32 252F-20 32 66 0.5 16 
33 259F-20 47 70 0.7 23 
34 276F-20 41 i) 0.5 18 
35 277F-20 41 79 0.5 18 
36 306F-20 54 100 0.5 22 
37 314F-20 45 81 0.5 23 
38 315F-20 50 82 0.6 23 
39 200M-20 35 43 0.8 13 
40 285M-20 48 94 0.5 20 
41 262F-21 76 44 1.7 24 
42 236F-22 33 20 1.6 17 
43 238F-22 32 21 1.5 18 
44 251F-22 32 32 1.0 18 
45 260F -22 37 38 1.0 25 
46 284F -22 32 60 0.5 17 
47 287F-22 38 59 0.6 21 
48 288F-22 38 59 0.6 22 


averages are in good agreement with the 4-yr mean of 66 
fathoms (121 m). In contrast, the first quarter averages 
show an almost straight-line cline ranging from 197 
fathoms (360 m) in 1969 to 127 fathoms (232 m) in 1972; 
the implication of this trend is not clear because of the 
telatively small numbers and large range of observations 
from which these means were derived. If, however, the 
trend is real, it suggests that slope waters became 
progressively warmer over the 4-yr period to the degree 
that optimal overwintering conditions (discussed below 
under Average Monthly Bottom Temperatures) were met 
at progressively shoaler levels. The sum of deviations of 
second quarter means from the 4-yr averages are almost 


| 
| 
| 
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Figures Return no. Nauti- Days Average Depth 
30-32 and composite cal at speed change 
vectorno. — station no. miles large (mi/day) (fathoms) 
49 293F-22 38 60 0.6 14 
50 307F-22 48 712 0.7 22 
51 308F-22 48 72 0.7 22 
52 309F-22 48 72 0.7 22 
53 316F-22 41 48 0.9 25 
54 336F-22 42 89 0.5 25 
55 337F-22 42 89 0.5 25 
56 339F-22 44 86 0.5 20 
57 222M-22 22 23 0.9 14 
58 242M-22 35 25 1.4 12 
59 243M-22 40 28 1.4 20 
60 248M -22 41 31 13 24 
61 258M -22 32 37 0.9 23 
62 261M-22 35 41 0.8 19 
63 278M -22 30 45 0.7 18 
“64 310M-22 38 67 0.6 20 
65 341M-22 32 89 0.3 18 
66 342M-22 32 89 0.3 18 
67 576F-23 52 48 eT: 59 
68 584F-23 39 84 0.5 51 
69 562M -23 80 16 5.0 52 
70 564M-23 83 15 5.5 50 
71 721F-29 50 49 1.0 38 
72 738F-29 50 53 0.9 30 
73 T719F-29 39 79 0.5 35 
74 758M -29 111 108 1.0 55 
75 544F-7 58 771 
76 335F-13 56 465 
77 347F-14 65 365 
78 348F-14 62 365 
79 349F-14 59 365 
80 350F-14 59 365 
81 269M-14 65 392 
82 357F-17 58 353 
83 768F-17 76 1,010 
84 937M-17 132 973 
85 355F-18 70 166 
86 720M-18 110 761 
87 610F-19 66 443 
88 577M-19 78 522 
89 578F-20 87 519 
90 575F-22 155 431 
91 710F-22 103 750 
92 767M-23 62 389 
93 769M -23 60 377 
94 T71F-23 54 361 
95 740F-27 52 227 
96 917F-27 71 230 


as great as those of the first quarter; here, however, the 
major source of deviation stems from a disproportionate 
number of deep-running recaptures taken in April 1970. 
Despite the shortcomings of the data, the clearly 
cyclical nature of seasonal depth change seems, indepen- 
dent of net track analyses, adequate evidence of the 
tendency of offshore lobsters to optimize their year-round 
temperature regime. The consequences of this behavior 
are manifold in that metabolic rates and related life 
processes are doubtless accelerated relative to the coastal 
zone populations which tend to remain highly localized 
and hence subject to wider seasonal extremes and 
significantly lower mean annual temperature. 


AVERAGE MONTHLY BOTTOM 
TEMPERATURES 


The distribution of recaptured tagged lobsters by 
month and grouped by 6-minute squares against average 
bottom water temperatures (°C) from Colton and Stod- 
dard (1973) are presented in Figures 34-45. Bottom 
isotherms are plotted from data collected during the 
period 1940-66. Only recaptures whose month and loca- 
tion of recapture are known (N = 584) are plotted. 

Relating lobster distribution to average bottom water 
temperatures, it is apparent that the offshore lobster 
population generally maintains itself within a 
temperature regime of 8°-14°C. The two apparent excep- 
tions to this generalization, evident in Figures 36 
(March) and 37 (April), are predictable. Bottom 
isotherms represent average temperature conditions for a 
26-yr period, and the temperature conditions for a given 
month vary considerably from year to year and within a 
given month (Colton and Stoddard 1973; and 
Chamberlin’). 

During the first quarterly period, January through 
March, offshore lobsters are distributed along the outer 
continental shelf and upper slope (Figs. 34-36). Bottom 
water temperatures during this period ranged from 8° to 
12°C (Colton and Stoddard 1973; Chamberlin’). In con- 
trast, the inshore, shallow-water lobster populations are 
in a state of reduced activity in coastal waters of 0°-4°C 
(Cooper et al. 1975). 

During the second quarterly period, April through 
June, the onset of shoalward migration has begun, oc- 
curring first (April and May) in the western half of the 
shelf (Figs. 37, 38) and next (June) in the eastern half of 
the shelf (Fig. 39). Bottom water temperatures in the 
latter half of May along southern Long Island, Block 
Island Sound, and Buzzards Bay are 8°C and warmer 
(Colton and Stoddard 1973). An intensive fishery for 
lobsters occurs along southern Long Island from late May 
through mid-July, directed primarily toward the onshore 
migrants emanating from Hudson to Veatch Canyon 
(Cooper and Uzmann, unpubl. studies). Lobster 
migrations into the southern Long Island coastal waters 
are evident from Figures 6, 15, and 16. 

Figures 40-43 (July-October) demonstrate that the 
offshore lobster population is widely distributed over the 
southern New England continental shelf, including the 
shoal waters of Georges Bank and the coastal waters of 
Long Island, Rhode Island, southern Massachusetts, and 
Cape Cod. Bottom water temperatures in areas of ap- 
parent lobster abundance during July-September are 8°- 
14°C. 

The return migration to the outer shelf-upper slope 
waters probably begins in August (Fig. 41) and continues 
through September, October, and November (Figs. 42- 


‘Chamberlin, J. L. Bottom temperatures on the continental shelf and 
slope south of New England during 1974. Jn J. Goulet (editor), Environ- 
ment of the United States living marine resources—1974, p. 18-1 to 18-7, 
figs. 18.1-18.6 (NMFS unpubl. manuscr.) 


44). Migration to deep water first occurs in the western 
half of the shelf and then in the eastern half. 

During the first month (October) of the last quarter 
(October-December) there are still some lobsters dis- 
tributed over the shoals of Georges Bank and immediate- 
ly south of Nantucket Island (Fig. 43) with bottom water 
temperatures of 10°-14°C. By December the offshore 
lobster population is again distributed along the outer 
continental shelf and upper slope waters (Fig. 45) where 
bottom temperatures are 8°-12°C. 


CONCLUSIONS 


The distribution of tag returns from a 4-yr tagging and 
recapture study has demonstrated that at least 20% of 
the offshore lobster population moves into shoal water in 
the spring and summer and returns to the outer shelf and 


upper slope by early winter. This migratory behavior — 


appears to be motivated by temperature, as the seasonal 
distribution of tagged lobsters according to depth is well 
correlated with bottom temperature. The extensive 
seasonal migrations undertaken by offshore lobsters con- 
trast sharply with the localized movements of coastal 
stocks. This apparent difference may be partially ex- 
plained by the very high exploitation rate inshore such 
that most lobsters of recruit size are quickly harvested 
within the bounds of locally intensive fisheries. 
Whether the offshore stocks are genetically distinct 
from the coastal stocks has not been established, but it is 
evident that the shelf edge and upper slope is a perma- 
nent habitat from which small- and large-scale excur- 
sions are made with seasonal regularity. We believe that 
the continental slope habitat lacks sufficiently high 
temperatures during the summer to promote extrusion of 
eggs, molting, and subsequent mating, and that the 
deficiency is compensated by seasonal shoalward migra- 
tion to warmer water. In situ observations of offshore 
lobsters from the research submersible Nekton Gamma$ 
at Corsair, Lydonia, Oceanographer, Hydrographer, and 
Veatch canyons during June-July of 1973 and 1974 sub- 
stantiate this belief. Evidence of lobster molting (shed 
exoskeleton) was observed only at depths shoaler than 
100-110 fathoms (183-201 m), whereas lobsters were dis- 
tributed to depths of at least 170 fathoms (311 m). 
The magnitude of variation in depth at recapture by 
month suggests that the migration toward shoal water is 
not a total population response, nor is it likely a well- 
coordinated one. We hypothesize that some lobsters 
migrate early, some late, and some not at all. Superim- 
posed upon these variations in migratory behavior is an 
apparent tendency of some lobsters to move laterally east 
or west along the outer shelf and upper slope. Hence, the 
concept of discrete canyon populations is unlikely. 


SUMMARY 


1. This report has presented the results of an offshore 
lobster tag and recapture study to define the seasonal 


Research submersible operations provided by NOAA’s Manned Under- 
sea Science and Technology Office. 
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migratory behavior and population distribution of the 
offshore lobster population ranging from Corsair Can- 
yon and the southeastern extremes of Georges Bank 
to Baltimore Canyon off the coast of Virginia. A total 
of 7,326 offshore lobsters were tagged and released at 
52 localities, grouped into 29 composite release 
stations to effect a logical pooling of release and recap- 
ture information and expedite the plotting and 
evaluation of the data. 

. Cooper and Uzmann (1971) hypothesized, on the basis 
of a described time-temperature relationship, that the 
nature of the offshore lobster migration phenomenon 
was a vernal shoalward movement to warmer water 
with subsequent return to the outer edge of the shelf 
and upper slope with the onset of fall and winter. In 
this report we attempt to elicit qualitative and quan- 
titative aspects of individual movements from 
groupings of individuals referenced to release locality, 
point of recapture, and time at large. 

. Among the 945 recaptured lobsters, 584 (62%) were 
reported by specific location, 183 (19%) by generalized 
location, and 178 (19%) without location information 
of any kind. A classification scheme is presented 
which distinguishes between directed migrants and 
those whose net movements over time are in- 
consequential or not clearly directional. We have 
defined a migrant as an individual that has moved a 
distance of 10 miles or more in 10-120 days from time 
of release to time of recapture. A total of 117 (20% of 
584) lobsters meet our requirements of defined 
migrants. 

. Between 17 and 20% of the 576 recaptured lobsters 
whose net movements were definable (classified 
movements) demonstrated seasonal shoalward migra- 
tion. The highly restrictive criteria used herein for 
defining shoalward migrants have probably excluded 
a considerable number of other recaptures that had, 
in fact, migrated into shoaler water. Therefore, the es- 
timate of 17-20% annual shoalward migration is 
probably an underestimate. Approximately 25% of 
the tagged population remained localized (non- 
migrants) and some portion of the remaining 55-58% 
of the classified movements (indeterminates) might, 
through more definitive criteria of classification, be 
assignable as shoalward migrants or nonmigrants. 

. Forty-three (37%) of the defined migrants (117) mov- 
ed laterally along the outer edge of the continental 
shelf. There is no apparent reason for this lateral 
movement easterly or westerly during spring and 
summer. Discrete submarine canyon populations 
seem unlikely in view of these lateral movements. In 
contrast, 63% of the defined migrants moved into 
shoal water. 

. Analysis of the depth distribution of recaptured 
lobsters by month of capture shows a pronounced 
cyclical pattern of shoaling during March-August 
followed by a return to the shelf margin and upper 
slope during October-December. These cyclical 
changes in depth by season, independent of net track 
analyses, provides additional support for the 
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hypothesis of Cooper and Uzmann (1971) of inshore- 
offshore movements of the offshore lobster population. 
7. The distribution of recaptured lobsters by month of 
capture and mean bottom water temperature 
demonstrates that the offshore lobster population, 
through random and/or directed movements, main- 
tains itself within a temperature regime of 8°-14°C. 
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67393 
6739 
6739 
6745 
6745 
67393 
6745 
6733 
6739 
6739 
6745 
6739 
6739 


6733 
6745 
6739 
6745 
6745 
6745 
6739 
6745 
6733 
6733 
6739 
6739 
6745 


CLAT 


3356 
4018 
8026 
4033 
41293 
4026 
4013 
HYDR 
HYDR 
4142 
LYDU 


4039 
VEAT 


4£U33 
HYUDR 
HYUR 
HYUR 
4033 
4U30 
4150 
4020 


74 


CLON 


6931 
6810 
6733 
6 740 
6728 
6725 
6831 
WELK 
WELK 
65714 


6 7U4 


6 74U 
WELK 
WELK 
WELK 
6755 
6810 
6357 
56733 


DATL 


206 
201 
208 
256 
259 
353 
560 
577 


1U10 
1107 


1367 


393 
216 


2293 
299 


1091 
LSez 

973 
1338 
1413 


MIL 


76 


23 


aeS1Z. 


CL1 


1093 
938 
i116 


120 


RET 


ASE 
1i26F 
133F 
iS5F 
158F 
163F 
166F 
1i8O0F 
182F 
183F 
2L1F 
221F 
240F 
249F 
254F 
256F 
263F 
271F 
283F 
2925 
295F 
S18F 
SLSEF 
329F 
S40F 
S43F 
SoS F 
358F 
S61F 
S6SF 
ST LE 
S75F 
S7bF 
S80F 
392F 
395F 
4O5F 
410F 
417F 
421F 
S27F 
428F 
S31F 
S40F 
545F 
448F 
§5U0F 
454F 
455F 
461F 


x 4 
oO 


NOnnnon 


WN WONMNOONNNNNOMMGHAHAMHNMHAM 


ONNPNPRPRER 


RLAT 


3958 
3958 
39358 
3358 
3959 
3358 
395 8 
4U00 
39358 
4u00 
3958 
4000 
4000 
3358 
3353 
33593 
3959 
4uUu0 
4WwOo 
&QUQ 
3358 
3958 
4 UUU 
335 8 
3958 
4uuU0 
3359 
3958 
3958 
395 8 
3959 
3958 
4U00 
4 uu 0 
4 UU 0 
3958 
3958 
3958 
3958 
4 UU 0 
3358 
4 QU 0 
39359 
3358 
40 
4 UU O 
39549 
4vU00 
3959 
39358 


Appendix Table 18 


RLON 


6928 
6928 
6928 
6928 
6925 
6928 
6928 
6934 
6328 
6934 
6328 
6934 
6934 
6328 
6325 
6925 
6925 
6934 
6934 
6934 
6928 
6328 
6934 
6928 
6928 
6934 
6925 
6928 
63928 
63928 
6925 
6928 
6934 
6934 
6934 
63928 
6928 
6328 
6328 
6934 
6328 
6934 
6925 
6328 
69334 
6934 
6325 
6934 
6325 
6928 


CLAT 


3956 


4UU 7 


4 QU 7 
4uU0 7 
4U07 
4007 


4002 
4054 
4059 
4040 


4113 
4004 
400 7 
VEAT 


4 U0 U 


3957 


4058 
4 QU 8 
40US 


4022 
4022 
HYUR 
4U20 
4013 
VEAT 


4 U1 
4 00 3 
VEAT 
4001 


4000 


75 


CLON 


6931 


690 8 


659U8 
6928 
6928 
6928 
6918 
6 843 
7305 
6926 
6946 
7009 
6305 


69357 


6952 
7015 


63U4% 
6936 


6941 


6941 


6954 
6954 


6908 
7010 


690 8 


6925 


MIL 


20 
16 


CL2 


113 


Appendix Table 18 Cont. 


RET Cs OSs MOQ RLAT RLON CLAT CLON DATL MIL CLI CtL2 
468F 18 29 3358 6928 $36 89 
469F 18 32 uu 6934 $34 107 
470F 18 £32 4UU0 6934 334 ra 
471F 18 32 4UU0 6934 534 72 
476F 18 32 4UU0 6334 VEAT 340 82 82 


477TF 18 29 
478F 18 32 
483F 18 30 
485F 18 29 
494F 18 29 
5O00F 18 29 


3958 6928 4028 6716 $44 110 140 158 
4WO 6934 401% 6815 352 60 74 86 
3959 6925 "$9535 6326 367 5 85 192 
3958 6928 4#O0Uf 6336 366 11 88 i100 
3958 6928 4009 69053 S76 21 86 33 
3958 6928 4Q0U6 6839 377 38 88 112 


ANDANMNOMNHHMAHDHHNNHTneeFL LLL E 


509F 18 29 3958 6928 4013 68351 $81 46 1012 
SESE 8) SZ 4U00 6934 3356 63355 383 4 60 71 
516F 18 £32 4wO0 6934 4005 63945 335 3 91 91 
518F 18 £30 3$95'9' 6925 3957) 6925 396 2 83 
520F 18 32 4UWU0 69334 3957 69325 395 8 71 
525 Feels) SZ #UJ0Q0 639334 HYDR 402 77 91 
SSSR 8! SZ 4uUuuQ 6934 400 61 75 
SSiiby 92s 732 {WU 6934 388 37 37 
Sak 918). 23 3958 69268 44043 6938 416 45 75 30 
S560F (138 23 3358 6928 4004 6935 430 3 68 
SEZAEE eels 29 3958 6928 VEAT 411 73 
SSIES 18) So 3959 6925 VWEAT 428 75 30 
5S396F 18 29 3358 6928 HYDR WELK 86 
S3SIB Fis) ~32 8 4000 6934 4010 6908 474 22 90 104 
bO03F 18 30 8 3959 6925 4004 7049 462 64 73 
604F 18 29 8 39358 6928 4004 7049 46 3 62 85 
608F 18 32 7 40U0 6934 433 73 82 
609F 18 32 6 4000 6934 3957 6934 409 3 88 
6EZE 18" 29 3 398 6928 4U04 6928 313 6 TS 
622F 18 29 LO) 3959/8 6 S28 5 (HVOR 513 86 393 
623F 18 30 10 3959 6925 (WYDIR 518 88 103 
632F 18 32 11 400G 6934 4033 6931 548 32 59g 85 
667F 18 £32 § 4UW00 6934 39356 63919 701 12 80 S34 
6639F 18 29 Ss) 39518) So S928 688 75 32 
676F 18 £32 5 400 6934 4012 6306 750 25 103 116 
678F 18 32 6 40U0 69334 HYDR 409 TS ek O5S 
SSE 28) 32 6 4000 6934 HYDR 4U9 81 
730F 18 32 6 4UW0 6934 4015 6845 173 41 65 S31 
800F 18 29 6 3958 6328 VEAT 42 77 
801F 18 29 6 3958 6328 VEAT 42 82 
803F 18 32 6 4UUG0 6934 VEAT 40 3a 
B804F 18 32 9 4000 6934 VEAT HYDR 866 61 37 


849F 18 30 12 3959 6925 4035) 682'5 321 593 85 116 
SoviEaeis 23 11 3358 6928 4031 6758 EKIIL 78 869102 
863F 18 30 PZ 395/93) 6925) S00 56325 350 v 81 
8S94F 18 32 12 40U0 63934 S5ii 77 
S44F 18 29 35 3:99)9' 56925 1238 75 100 


76 


ReT 


122M 
123M 
124M 
127M 
129M 
134M 
135M 
136M 
143M 
153M 
154M 
160M 
179M 
131M 
132M 
133M 
139M 


| 201M 


213M 
215M 
216M 


1 217M 
218M 


226M 
264M 
265M 
266M 


272M 


275M 
292M 
3sOUM 


311M 
312M 


. 


1 313M 


326M 
327M 
328M 
353M 
359M 
360M 
364M 
368M 


3736 


374M 
382M 
383M 


387M 


H 


388M 
330M 
391M 


GQOnnnnnnwy (o} 


DOanwn 


WNNMWWONONNNNN OTM MUMMHMM 


RLAT 


39593 
3958 
3958 
3958 
3359 
3358 
3958 
3958 
3358 
3359 
3958 
395 8 
SIS5)3 
39358 
4 QU 0 
4 UU 0 
3958 
4uua 
33543 
4uu0 
4au 
395 8 
395 8 
3958 
3458 
3358 
3358 
39358 
3959 
3358 
3358 
335 8 
3353 
4 000 
3959 
3459 
3358 
395 8 
40U0 
ua 
40U0 
4uu0 
4 UU 0 
3358 
4&0 
4.00 
40Uu0 
4 00 0 
4000 
3358 


Appendix Table 18 Cont. 


RLON 


6925 
6928 
63928 
6928 
6925 
6928 
6928 
63928 
6928 
6925 
6328 
6928 
6325 
6928 
6934 
6934 
6928 
56934 
6925 
6934 
6934 
6928 
69286 
632% 
69268 
63928 
6928 
6926 
6925 
6928 
6928 
6328 
6925 
6934 
63925 
6925 
6928 
6928 
6934 
6934 
6934 
6334 
6934 
6926 
6934 
6934 
6934 
6934 
6334 
6928 


CLAT 


VEAT 
VEAT 
VEAT 


3956 
3356 
39356 


4 UUb 
4 U0 7 
4007 
%* 009 


4015 
4013 


3358 
3358 
4 QU 0 


400 U 
4vuUU 
4 OU 7 
3358 
3358 
VEAT 
4 UU 3 
4056 
4 UN8 
4008 


4014 
4113 
4QUS 
4013 


4uU20 
4uU20 
4020 
4U20 
4020 
4020 


77 


CLON 


6931 
6931 
6951 


6305 
6328 
6328 
69333 


6843 
6843 


6939 
6939 
bIZ2 


69357 
6937 
6952 
6923 
6 32 3 


6308 
6923 
6931 
63321 


691 3 
6 7Us 
65936 
69316 


6934 
6934 
6934 
6934 
6934 
6934 


DATL 


MIL 


feE 


CL2 


EC 


Appendix Table 18 Cont. 
RET CSCS MO RLAT RLON CLAT CLON DATL MIL CL1 CL2 


393M 18 29 11 3958 6928 4U20 6934 214 22 ‘iy ie a1 Of 
394M 18 29 12 3958 6928 2193 103 

S96M 18 32 12 4uUU00 6934 4015 6934 219 13 66 78 
S3Y7™M 18 29 11 3958 692868 4020 69354 204 22 76 &9 
4UUM 18 32 12 4u00G 6334 4UU6 630i 222 25 64 15 
402M 18 32 42 4WC0 6934 4UW9 6304 220 24 i110 110 
404M 18 30 42 3959 6925 4u0U9 6304 223 ig 81 33 


408M 18 39 12 39593 6925 225 Si ToL 
WM a3) 32 12 4uU0 6954 224 73 73 
412M 18 29 12 3958 6928 226 82 100 
414M 18 30 12 34959 6925 225 Vik 87 
415M 18 32 12 4uu0 6934 224 86 102 
410M 18 29 12 3958 6928 229 77 

418M 18 30 12 3359 6925 228 91 

419M 18 32 12 4uWUG 6934 227 126 

425M 18 32 1 4uUWU0 6934 257 793 92 
426M 18 32 1 4uJ0 6934 257 63 76 
435M 18 29 12 34958 6328 HYDR 231 117 

442M 18 29 1 3958 6928 260 71 
443M 18 32 12 4Wwod 6934 4001 6907 236 13 92 

447M 138 29 11 3958 6928 199 95 112 
451M 18 30 2 3959 6925 401 6908 285 13 74 

452M 18 £30 2 3953 6925 4uuL 6908 285 13 81 | 
458M 18 29 6 3958 63928 400U 6925 41 2 toe 

459M 18 32 6 4uUu 6934 400uU 6925 39 6 tr. 

460M 18 30 6 39593 6925 4U0U0 6925 40 81 

46o4M 18 30 4 3953 6925 VEAT 348 72 30 
474M 18 32 4 4GuuG 6934 VEAT 333 61 30 
475M 18 30 4 3959 6925 VEAT 340 67 81 
484M 18 32 5 4WwU0 6934 4007 6936 364 7 92 i106 
488M 18 32 5 4uwUuU 6934 40U2 b6YU7 365 22 80 97 
492M 18 29 5 3958 6328 VEAT 568 81 97 
503M 18 293 5 3458 69248 4USd 6757 374 32 120 120 
514m 18 32 5 4wO 6934 3956 69355 383 4 67 30 
517M 18 23 6 3958 6926 4UU5 6345 397 i4 68 392 
519M 18 29 6 34958 6928 3357 6925 397 2 30 

523M 18 29 5 39358 6928 334 80 35 
526M 18 32 6 4uUU0 6934 HYDR 402 94 34 
531m 18 32 6 4uU0 6934 400 80 95 
536M 18 29 5 3958 6928 340 191 1931 
541m 18 29 5 33958 6928 4006 6426 Ly jst 8 85 100 
542M 18 30 5 3953 6925 406 64926 370 7 84 38 
555M 18 32 6 4u00 6934 400% 6305 422 23 92 110 
SarM. 18 932 6 4uU0 6934 VEAT 4ug 91 2 
582M 18 30 9 3%3 6325 40049 6306 512 ef 67 

583M 18 32 9 4uu0G 6934 47 70 

605M 18 29 8 3958 6328 4004 7049 463 62 86 

GISM ORS <29 3 3958 6928 4004 6928 313 6 106 

617M 18 30 9 33959 6925 507 108 118 
619M 18 32 10 4Wwo 6934 4021 6315 528 25 76 “AZ 


78 


Appendix Table 18 Cont. 


‘RET CS OS MO RLAT RLON CLAT CLON DATL MIL CLI CL2 


earn 18 293 10 3958 6928 HYDR 913 65 85 
ee5om 18 # £30 1G 33959 63925 HYDR 518 32 110 
earn 18. 32 10 4UU0 6954 HYDR 517 83 115 
S5sS9M i8 32 141 4UU0 6934 572 83 121 
aim 18 29 1 3358 6926 4U10 6823 620 50 66 36 
e58M 18 23 2 3358 63926 656 386 
714M #18 £29 1 33958 6928 4U05 656935 b20 8 37 
aon is 23 5 3958 6928 4125 7056 #761 110 82 
748M 18 32 8 4UU0 69354 HYDR 840 iSite OZ 
moot 18 32 i121 4UU0 693% HYDR 920 68 131 
m33é@ 218 29 6 3358 6928 48 35 
euZzeM 618 —0—lCS2Z 6 4WUG0 6934 VEAT 40 146 
825M 18 30 § 3353 69325 HYDR 7103 73 i004 
52M 18 32 11 4WU 6934 404 6810 927 75 63 118 


Basa 28 # 30 3353 6925 HYDR 105 


79 


RET 


137F 
146F 
152F 
1o2F 
184F 
191F 
212F 
219F 
225F 
255F 
273F 
274F 
282F 
294F 
298F 
299F 
301F 
302F 
32UF 
321F 
332F 
SS34F 
37.2F 
S86F 
423F 
424F 
4O7F 
49UF 
5U05F 
50 7F 
51U0F 
524F 
527F 
528F 
534F 
543F 
545F 
554F 
586F 
6U2F 
61UF 
614F 
626F 
638F 
640F 
641F 
643F 
654F 
655F 
668F 


4 
(2) 


Be 
WINWONDMNMMMHKUKHKUUNMKHERPRP ER YWWUNNNNMONNNTOHTTHMNTHUY 


RLAT 


4 UU 4 
4 UU 4 
4 004 
4004 
4004 
4004 
4004 
4 0U4 
4 UU4 
4u04 
4 WU 4 
4 0U4 
4 U4 
4004 
4 UU 4 
4 GU 4 
4 UU 4 
4004 
4 UU4 
4 OU 4 
4 uu4 
4u04 
4 UU4 
4 UU 4 
4U04 
4 0U4 
4004 
4004 
4 U04 
4004 
4 U04 
4 UU4 
4 004 
4 0U4 
4 OU4 
4 004 
4 UU 4 
40U4 
4004 
4004 
4004 
4004 
4 0U4 
4004 
400 4 
4004 
4 U04 
4004 
4&uU04 
4 004 


Appendix Table 19 


RLON 


6917 
6917 
6917 
6917 
6917 
6917 
6917 
6917 
6917 
6917 
6917 
6317 
6917 
6917 
6917 
63917 
6917 
6917 
6917 
6917 
6917 
6917 
6917 
6917 
6917 
63917 
6917 
6917 
6917 
6917 
6917 
6917 
6917 
6317 
6917 
6917 
6917 
6917 
6917 
6917 
6917 
6917 
6917 
6917 
6917 
6917 
6917 
6917 
63917 
6917 


CLAT 


3357 
4012 
3958 
VEAT 
4006 
4003 


4 QUO 


4&U46 
39358 
3358 
4u0t 
4117 
4 QU 3 
4005 
4 UU3 
4 OU 3 
§0i0 
8010 
4014 
4§U43 


4020 


CLON 


6919 
6307 
6930 


6935 
6333 


6922 


6330 
69323 
6323 
693U5 
7119 
6908 
569U8 
53908 
59308 
63U5 
69U5 
6915 
6937 


6934 


6307 
6 93U 4 
6845 
6831 


703 
69239 
6905 
6939 
69306 
6812 
6928 
6933 
S335 
69339 
7003 


6932 


CL2 


96 
V7 


85 
87 


78 
76 
80 
115 
82 


32 


aonruam 


Nonnm 


WNNN TMH OMH 


OMNNNAHDKHHOMNHOne re 


» 


Appendix Table 19 Cont. 


RLAT 


4 UU 4 
4 QU4 
4 OU4 
4 UU4 
4 0U4 
4004 
4 UU4 


4004 
4 UU4 
4 004 
4 UU4 
4 UU 4 
4004 
4 0U4 
4 UU 4 
4 UU 4 
4004 
4004 
4004 
4 UU 4 
4 OU 4 
40U4 
4 0U4 
4004 
4UU4 
4 UU 4 
4 U0 4 
4 UU 4 
4 UU 4 
4 004 
4 U0 4 
4004 
4004 
4 U0 4 
4U0U4 
4004 
4 004 
4004 
4 004 
4004 
4 OU 4 
4 0U4 
4004 
4 U0 4 
400 4 
4 00 4 


RLON 


6917 
6917 
6917 
6317 
6917 
6917 
6917 


6917 
6317 
6317 
6917 
6917 
6917 
6917 
6917 
6917 
6317 
6917 
6917 
6917 
63917 
6917 
6917 
6317 
6317 
6317 
63917 
6317 
63917 
6317 
6317 
6917 
6917 
6317 
6917 
6917 
6317 
63917 
6917 
6917 
6317 
6317 
6917 
6917 
6917 
6917 


CLAT 


4L1lo 
3956 
HYDR 
HYDR 
HYDR 
HYDR 
HYDR 


VEAT 
VLAT 
VEAT 
VEAT 


VEAT 


4UU09 
4QU7 
4000 
4049 
4004 
4133 
4014 


HYDR 
4020 


4020 
4U20 
40U9 
40U5 
4 QUU 
4U239 
3354 
4% U02 
VEAT 
40U3 
4 00 b 
3356 


4u49 
3954 
3957 
4ii7 


81 


CLON 


6832 
6921 


6933 
6339 
5918 
6946 
700g 
6722 
6915 


6941 


5934 
6934 
6904 
6 30 8 
6937 
6711 
5926 
b3U 7 


6 9U 3 
6839 
63935 


6929 
7147 
Tou02 
56849 


CL2 


30 
111 
93 


102 


36 
109 


88 


33 


EC 


14 
abt 
14 


4 
sz 


14 
14 
14 


cS 


19 
19 
ats) 
ig 
13 
19 
19 
193 


OS 


MO 


efrnrnroc 


Appendix Table 19 Cont. 


RLAT 


4 U04 
4004 
4004 
4 0U4 
4 UU 4 
4 GU 4 
4 UU 4 
34549 


RLON 


63917 
6917 
6317 
6317 
6917 
6917 
6917 
6325 


CLAT 


HYDR 
VEAT 
HYDR 


HYDR 


HYDR 
HYOR 


82 


CLON 


WELK 


DATL 


4ol 
515 
bO7 
407 
710 
642 


MIL CLI 


CL2 


88 


111 


101 
39 


EC 


BRET 


)148F 
eee 
)169F 
Pi7lF 
(172F 
(198F 
/207F 
'203F 
(228F 
(239F 
244F 
'247F 
252F 
(259F 
276F 
(277F 
/281F 
'306F 
$14F 
315F 
(338F 
—405F 
[~—497F 
'—=<SUeF 
578F 
573F 
611F 
e97F 
| 885F 


138M 
L434 


150M. 


20UM 
2026 
206M 
Z1UMm 
2276 
223m¢ 
285M 
351M 
479M 
568M 
725M 
837M 


cs 


oS 


MO 


re 
PONOOFHUFLWUNN ONAN NNN TTT MH HHOHOYW 


FON FOOnrnnnnnnwn 


Appendix Table 20 


RLAT 


aw 
4u57 
41u1 
4057 
41 
4a57 
wt 
4iw1 
4wi 
4ivi 
4U57 
4101 
4 
4104 
4qwi 
4101 
41041 
4U57 
4101 
4U57 
4057 
411 
4U57 
4U57 
4U57 
4iw1 
4lul 
4057 
4uU57 


4U57 
4iud 
4057 
4i01 
4u57 
4to7 
4ludi 
4iwi 
4u5T7 
41 
411 
4U57 
4lw1 
G§itl 
4057 


RLON 


6639 
6635 
66339 
6635 
66339 
6635 
6629 
6639 
6623 
66339 
6655 
6639 
6639 
6629 
6639 
6639 
6629 
6635 
6639 
6635 
6635 
6639 
6655 
6655 
6635 
66349 
6633 
6635 
6635 


6635 
6639 
6635 
6629 
6635 
66355 
6b3Y 
6639 
6635 
6623 
66339 
6635 
6639 
6639 
6635 


CLAT 


4113 
4042 


4107 
4US3 
4045 
4§103 
41U 3 
4 U5 3 
4§1iUs 
G§1izu 
4119 
%#i29 
414u 
H#1i39 
41393 


G140 
4153 
4#133 
8§15U 
CORS 


%U58 
4127 
Qi54 
3956 
4U35 


CLON 


6615 
6656 


6626 
6623 
66439 
boz25 
6625 
663539 
be25 
bb5 5 
6658 
6701 
6 7Uz 
&7uU0 
6 U0 


5718 
6722 
6722 
6 7uU39 


683U 
67U8 
67U1 
6326 
6655 


6615 
6615 
6649 
6628 
6625 
6625 
bo3Y9 
6639 
67U5 
6707 
6711 
6652 


6616 


DATL 


MIL 


CLi 


159 
121 
123 
146 
119 
115 
128 
123 
153 
133 
111 
130 
123 
145 
1393 
157 
123 
161 
117 
182 
112 
147 
112 
162 
128 
188 
158 
136 
135 


163 
134 
139 
177 
195 
171 
141 
125 
136 
176 
156 
148 
146 
109 
159 


L147 


163 
134 
1393 
177 
135 


i2z5 
136 
176 


148 
170 


EC 


RET 


185F 
186F 
262F 
S39F 
4O3F 
502F 
592F 


187M 
203M 
204M 
205M 
23UM 
231M 
352M 
493M 
581M 
593M 
SI4M 
535M 
63UM 
745M 
851M 
861M 


cs 


oS 


MO 


= 
WCWONDNKHHHAGS 
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6743 
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4020 
4028 
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4$U32 


HYDR 
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HYDR 
HYDR 
4U33 
4055 
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6657 
6850 
6654 
6934 
6710 
6737 
WELK 


6744 
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114 
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189F 
ZO8F 
Z236F 
237F 
Z238F 
Z5 1 F 
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Z234F 
287F 
238F 
293F 
SO7F 
SO8F 
SOSF 
S1loF 
336F 
S37F 
SS IF 
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SiSE 
597F 
b0UF 
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T7UF 
T87F 
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4117 
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4108 
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4108 
41U8 
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4108 
4108 
4138 
§we 
4108 
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4117 
4§1U8 
4108 
4117 
4u17 
4117 
4108 
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4lus 
4108 
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6638 
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6638 
6633 
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6638 
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6638 
6638 
6638 
6638 
6638 
6638 
6638 
66348 
6638 
6633 
6638 
6658 
6633 
6633 
6633 
6638 
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6638 
6638 
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6638 
6633 
6638 
6633 
6633 
6638 
6638 
6658 
6633 
6633 
6638 
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6639 
6636 
6625 
6704 
6817 
6654 
6655 
6702 
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6 70U 
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bIS2 
6732 
6732 
6722 
6727 
&727 
6723 


6956 
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6651 
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6704 
67uU9 
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6902 


6654 
670z 
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127 
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143 
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128F 
T37F 
T39F 
T71iF 
TT5F 
T88F 
B4ZF 
S48F 
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564M 
653M 
665M 
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T36M 
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T74M 
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4¥#uULs 
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4UlLD5 
4U1L5 
G$UL5 
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4UZg 
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6742 
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6825 


6825 
6818 
6818 
7uug 
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6922 
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97 
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36 
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S31F 
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W13F 
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746M 
Tis 
777M 


cs 


24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 


24 
24 
24 
24 
24 
24 
24 
24 


cs 


os 


os 


57 
58 
58 
58 
57 
57 


58 
58 
57 
57 


MO 


re Re 


= 
ONPNWRPUTPRPOKWHNGS 


MO 


ANMOMNN 


Amon 


RLAT 


4uz4 
&Q27 
4§U27 
4024 
4024 
40zZ7 
4UZd 7 
&L2T 
4uZ7 
4#UZ ft 
G&uZz7 
4#uZl 
4uzZ7 
4UZ7 


4 Uz 1 
4024 
4024 
4 Uz 7 
4UZ4 
4 UZ4 
4UZT 
4uUz7 


Appendix Table 24 


RLON 


6825 
6815 
6815 
6825 
6825 
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6815 
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%U20 
4U2U 
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HYDR 
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4UZb 
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4022 
§UZ9 
4$U29 
G¥Uul7 
4§Ulb 
4653 
HYDR 
4U4U 
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6825 
6818 
6946 
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6824 
68Uy 
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6742 
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7115 
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7115 
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4uU1lU 
4uU0T7 
4012 
4012 
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4O0U8 
4 OUZ 
4UU5 
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CLON 


7119 
74110 
7iu7 
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7040 
7040 


7410 
7056 
7113 
7ils 
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38 
169 
203 
1o3 
412 
412 


184 
210 
530 
524 
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103 


116 
33 
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103 
73 
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3% 
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i115 
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92 
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EC 
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44 
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14 
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44 
31 
14 
14 
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391U 
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7356 3835 744U 
7402 3744 7409 
7402 3813 7348 
7402 3813 7348 
7358 3900 7434 
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7402 3813 %¢357 
7402 3813 7348 
7356 3752 7407 
T7402 3813 7348 
1356) “S800 77355 
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71239 33906 7243 
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DATL MIL 
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494 12 
526 22 
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620 4 
DATL MIL 
4793 3 
36 7 
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103 


CLL 
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123 


161 
146 
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Cct2 EC 
14 
14 
14 
14 
14 
15 

ct2 EC 
21 

161 
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682F 
o84F 
685F 
686F 
bs7TF 
'689F 
69UF 
b91F 
695F 
698F 
699F 
7O1F 
102F 
TO3F 
TU5SF 
71UF 
712F 
7121F 
738F 
T43F 
75CF 
751F 
152F 
153F 
7555 
ToUF 
To1F 
foSF 
1o4F 
WSF 
18UF 
7181F 
182F 
183F 
T30F 
T9OSF 
T94F 
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808F 
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400 2 
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4002 
3358 
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3958 
3358 
40Uu2z 
3358 
335 8 
3958 
3958 
3958 
3958 
3958 
3958 
4 WU2 
3358 
39358 
395 8 
3358 
3958 
3958 
3358 
3458 
3958 
3358 
4 LUZ 
3358 
3958 
3358 
3958 
39358 
4 WZ 
4 UU 2 
39538 
3358 
3356 
3958 
3956 
395% 
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6932 
6932 
6926 
6932 
6926 
6932 
6926 
6926 
6926 
6932 
6932 
63926 
6932 
6926 
6926 
6926 
6932 
6926 
6926 
6326 
6926 
6926 
6926 
6926 
692b 
6932 
6326 
6326 
6926 
6926 
6926 
6926 
6926 
6926 
6926 
6926 
6932 
6926 
6926 
6926 
6926 
6326 
6332 
6932 
69326 
6926 
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63926 
6926 
692b 
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4 UU2 
3958 
4 UU2 
3358 
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34958 
395 & 
3958 
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400u 
4uU0U 
400 U 
%U0U 
4U0U 
4 U0 U 
4U4s 
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HYDR 
HYDR 
HYUR 
HYDR 
HYOR 
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HYDR 
HYDR 
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VEAT 
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VEAT 
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6932 
6932 
6 326 
6932 
6326 
6932 
6926 
64926 
6926 
6952 
6932 
692 3 
6923 
6923 
692 3 
692 5 
6932 
6924 
6924 
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HYDR 
HYOR 
HYDR 
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HYDR 
HYOR 
HYDR 
HYUR 
HYDR 
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RET CS Os MO RLAT RLON CLAT CLON DATL MIL CLi Ct2 


818F 29 65 9° S956 6926 VEAT  ORYVOR 130 ar 35 
SZUFS 23) 365 9 39358 6926 VEAT HYDR 130 71 86 
SZUEEZI 65 9 34958 6926 VLAT HYDR 130 76 85 
SZAE 23) 65 9 3458 6326 VtAT HYDE 130 73 87 
826F 23 65 11 39358 6926 HYDR 196 81 35 
SZUIE 29) (65 ue SERES Se V4ae tly (os aJ36 106 115 
S23 729. 165 11 34358 6926 ViAT 181 36 

83UF 29 65 11 3558 6926 VLAT 181 75 

S3SZE 235" 65 ll 3358 6926 VLAT HYDR 188 72 88 
Sip (745) (Ss) 11 3358 6326 VtAT HYDK 188 73 30 
835 29) 65 d2 06 «3996 «©6926 VEAT HYOR 188 17 S31 
837F 293 £466 41 402 69532 VtAT HYDR 186 87 38 
838F 293 66 11 4Wi2 69352 VrtAT HYDR 186 103 116 
IP 745) IS) TE 39518" 6SZ6 VS VEATIT AHYDIR 188 T4 87 
84UF 29 65 1i 3958 6926 VEAT HYDR 188 99 109 
841F 29 65 11 3958 6926 VEAT HYDK 188 113 125 
B844F 29 65 11 34358 6926 VWrAT HYDR 188 71 86 
B845F 23 66 11 4Uu2 69332 VEAT HYDR 186 94 107 
SHGES —Z3) 965 11 3958 6926 VEAT HYDR 188 393 112 
Sane (29) (65 Pi 39555" 6926) ViEAT THYDIR 188 95 108 
sSUF 29 £465 TH S)S5)38 6926) 4/025) 16855 1/78 35 87 104 
8$53F 29 #4265 10 3458 63926 OCEA IES 93 104 
SSFP 23) 6S PE SSS 5 6926 HY DIR 204% 87 100 
B58 E239)" 65 PS S958 6926 OCEA 2Uu0 78 30 
B53 Fee Z3) 165 UZ 35918 (69267 SHY DIR 2E% LOZ) a5 
SoZ T2365 PZ) 35'598) 6926) VOCEA 211 Se OS 
So7TF 29 £65 WZ S9518) (6926) 4/005 6925 213 q 92 

SVE Z9) 65 P27 S395) OSZoe ss iUD SG SZ5 213 7 71 

SiiZeae 23) 165 DZS S35 8% OSZ bar A US) Oj 9Z:5 21S US SIE 

SUES ZI 65S P25 9518— 6926 ZZ UU 33 
Sisk 729° 6S PZ) 335138) 6926) VEAT RYDR 210 100 115 
SZ78E— 29: (65 2 3958 6926: VEAT JHVDR 210 103 i116 


881F 2939 66 11 4002 6932 4017 ©6833 190 47 67 
Ss Zhe Z23) 765 My S:95'8) 6926 4 Oli 8's7s LIZ 45 72 


Sone 29) 65 i 3:395'5) 69260 CRYUR Wek Z42 70 83 
888F 29 65 1 39518) 6926" 7RVOR wWeEK 242 76 S1 
S83 29>" 65 1 3358" 6926) WYO R BWweeK 242 74 86 
83UF 293 65 1) 39533) 1692160 S955 eo Ss!5 250 3 EES eso 
3$02F 293 66 2 40U2 6932 HYDR 267 38 
SUEZ In GS 6) 3358) (69269 39556955 396 & 208) srs 
SEU 29) 65 i 3958 (69265 7 ViEAT 428 8a 33 
SHR Zee) SS GS S51 8e GSZ6 407 77 
SZZibe 2:3) 165 6 33958 6926 4005 6900 416 21 32 
SZ2S' F239. 66 & 402 6932) 4 00's 6 Sole 414 25 34 
S24F 293 65 6 39358 6326 4U05 6900 416 21 95 
S269) 29) (65 6 39358 6926 4U1l2 7040 414 58 81 7 
Sveete Zee) ESS) 7 $3958 6926 4005 7020 428 42 78 30 
SUR ER KS tf 3958 63926 4/005) 06945 438 16 5 &3 
SBM Zs) ks 7 398 639326 4005 63945 432 16 78 108 
SU eS) OS LOD 33518 6S26 YOR 53zZ 72 100 
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7USM 
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711M 


754M 


758M 
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812M 
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328M 
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BS4M 


836M 


843M 
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8996 
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3356 
3958 
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3958 
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3958 
3958 
3358 
335% 
335 8 
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3958 
39356 
3358 
39568 
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3958 
3956 
3358 
3956 
3956 
3958 
3958 
39358 
4 Lu 2 
3958 
335% 
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3956 
3356 
3358 
3358 
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3958 
3958 
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3956 
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693U 
6393U 
695z 
b6393U 
6930 


6332 
6926 
6926 
69352 
6926 
6926 
6326 
63926 
6926 
6926 
6926 
6926 
6926 
6932 
6926 
6326 
6926 
6926 
6326 
6926 
6926 
6926 
6926 
6926 
6326 
6326 
6926 
693Z 
6926 
6926 
6926 
6926 
6926 
69326 
6326 
6932 
63926 
6926 
63926 
6926 
6926 
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HYUDR 
HYDR 
HYDR 
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3958 
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39358 
39358 
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4 U0U 
4U0U 
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4u00 
4U0U 
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VEAT 
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4005 
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6932 
6 926 
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HYDR 
HYDR 
HYDR 
HYDR 


HYDR 
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WELK 
7135 
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6955 
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38 
91 
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34 
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35 
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83 


86 
S1 
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34 


EC 
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34 
34 
14 
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4010 
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CLON 
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6305 
6940 


DATL 


269 
269 
193 
S61 
417 
465 
532 
496 
442 


MIL 


46 
20 
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672. Seasonal occurrence of young Guld menhaden and other fishes in a 
northwestern Florida estuary. By Marlin E. Tagatz and E. Peter H. 
Wilkins. August 1973, ili + 14 p., 1 fig., 4 tables. For sale by the 
Superintendent of Documents, U.S. Government Printing Office, 
Washington, D.C. 20402. 


673. Abundance and distribution of inshore benthic fauna off 
southwestern Long Island, N.Y. By Frank W. Steimle, Jr. and Richard B. 
Stone. December 1973, iii + 50 p., 2 figs., 5 app. tables. 
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ABSTRACT 


Stomach contents of 395 longline-caught specimens of Thunnus (281 T. albacares, 52 T. t. 
thynnus, 48 T. alalunga, 14 T. obesus) and 89 Alepisaurus were examined. About 45% of the tuna’s 
food, by volume, was composed of fishes, 35% of cephalopods, 15% of crustaceans, and 5% of mis- 
cellaneous items. Fishes eaten by tunas ranged in length 9-360 mm SL (x 65 mm) and represented a 
minimum of 88 genera in 58 families. Fishes eaten by Alepisaurus were 8-846 mm SL (z 98 mm) and 
represented 40 genera in 34 families. Most forage fishes were immature forms of midwater and shore 
fishes, many of which are associates of the pelagic Sargassum community. Ten of the most frequently 
occurring families in Thunnus and Alepisaurus stomachs were Bramidae, Alepisauridae, Balistidae, 
Paralepididae, Scombridae, Sternoptychidae, Carangidae, Tetraodontidae, Gempylidae, and 
Syngnathidae. 

Cephalopods were the most frequently occurring (80-90%) invertebrate group in the tuna 
stomachs, particularly the squid family Ommastrephidae. Crustaceans followed the cephalopods in 
frequency of occurrence (30-80% depending on tuna species). Larval decapods and hyperiid amphipods 
were the principal groups of crustaceans. In Alepisaurus stomachs, cephalopods occurred with 50% 
frequency, usually octopods and soft-bodied squids, families Cranchiidae, Histioteuthidae, and 
Bathyteuthidae. Crustaceans were present in 75% of Alepisaurus stomachs. Fewer decapod larvae 
were found than in the tunas, while amphipods were found more frequently. Pelagic polychaetes 
(Family Alciopidae), not found in any tunas, occurred in 38% of Alepisaurus specimens. 

Differences in the relative importance of particular forage categories in the diet of different 
species of Thunnus and between the diets of Thunnus and Alepisaurus suggest interspecific 
differences in feeding, either anatomical (i.e., relative predatory ability) or behavioral, particularly 
the relative swimming speeds and feeding depths of different predators. The small-mouthed tunas 
consumed generally smaller prey fishes (#98 mm SL) than did the large-mouthed lancetfishes (x 240 
mm SL). Smaller sized yellowfin tunas generally consumed smaller prey than did larger yellowfins. 
Differences in swimming ability between tunas and Alepisaurus were reflected in the larger number 
of swift-moving muscular squids eaten by the tunas. Composition of the forage indicated that T. 
albacares fed at shallower depths than the other species of Thunnus and that Alepisaurus fed at 


greater depths than any of the tunas. 


INTRODUCTION 


In the past 20 yr, the tunas have become objects of 
intensified commercial and recreational fisheries. Heavy 
utilization of these fishes and subsequent concern about 
the limitation of stocks have made an understanding of 
their biology increasingly important. Because the tunas 
are peak predators in a vast part of the epipelagic zone, 
one important aspect of investigation is their feeding 
habits. Numerous forage studies have been carried out in 
all parts of the world for the tunas of the genus Thunnus 
and the skipjack genus Katsuwonus. Most information 
has been reported on a qualitative basis, however, and 
many studies have been based upon small samples. For 
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the Atlantic Ocean, Dragovich (1969) reviewed the im- 
portant literature on tuna feeding habits published until 
that time. Since then, several important contributions 
have been added for the Atlantic: Dragovich reported on 
the food of skipjack and yellowfin tuna in the Atlantic 
(1970a) and the bluefin tuna in the eastern tropical 
Atlantic (1970b); Dragovich and Potthoff (1972) com- 
pared the food of the yellowfin and skipjack off the coast 
of West Africa, and Borodulina (1974) reported on the 
feeding of bigeye tuna in the Gulf of Guinea. 

Literature on Pacific tunas has not been similarly 
summarized. Important contributions include in- 
vestigations on the feeding of yellowfin in the central 
Pacific (Reintjes and King 1953) and the comparison of 
the food of central Pacific bigeye and yellowfin (King and 
Ikehara 1956). Alverson (1963) compared the forage of 
yellowfin and skipjack in the eastern tropical Pacific. 
Iversen (1962) studied the food habits of albacore in the 
central and northeastern Pacific. Iversen (1971) reported 
on albacore and Pinkas (1971) reported on bluefin 
feeding habits in Californian waters. 


In the present study, we examined the stomach con- 
tents of four species of Thunnus in the western North 
Atlantic: T. albacares (Bonnaterre), the yellowfin; T. 
alalunga (Bonnaterre), the albacore; T. t. thynnus (Lin- 
naeus), the Atlantic bluefin; and T. obesus (Lowe), the 
bigeye. The specimens examined were obtained during a 
series of exploratory longline cruises over the period 1957- 
64 by the Bureau of Commercial Fisheries (now National 
Marine Fisheries Service) MV Delaware, before a major 
fishery was established in the region. While fishing for 
tunas, lancetfishes of the genus Alepisaurus were often 
hooked by the longline. In this capacity at least, the 
lancetfishes were competing with tunas; being thus an 
apparent competitor, it seemed worthwhile to examine 
also the stomach contents of Alepisaurus taken with 
Thunnus. Alepisaurus forage has previously been in- 
vestigated in the Atlantic by Haedrich (1964). Parin et 
al. (1967) reported on the feeding habits of Alepisaurus in 
the Indian Ocean. In the Pacific, lancetfish feeding 
habits have been reported on by Haedrich and Nielsen 
(1966), Kubota and Uyeno (1969), Rancurel (1970), and 
Kubota (1973). 

Included in the present study are both species of 
lancetfishes, Alepisaurus ferox Lowe and A. brevirostris 
Gibbs. No distinction is made between species, however, 
because much of the data were collected before the latter 
was described by Gibbs (1960). 


MATERIALS AND METHODS 


We examined the contents of 395 Thunnus stomachs 
(281 T. albacares, 52 T. t. thynnus, 48 T. alalunga, and 
14 T. obesus) and those of 89 Alepisaurus. Number, size 
range, and mean size of the Thunnus and Alepisaurus 
specimens are presented in Table 1. All specimens were 
collected by longline from the western North Atlantic off 
the eastern coast of the United States north of Bermuda 


CANADA 


and, on one cruise, east to the Azores (Figure 1). 
Specimens were taken from depths of 10-60 m. Longline 
gear and methods used were described by Squire (1962) 
and Wilson and Bartlett (1967). 

Most of the Thunnus stomach contents were collected 
by Robert H. Gibbs, Jr. and Bruce B. Collette in con- 
junction with a study of the anatomy and systematics of 
the genus Thunnus (Gibbs and Collette 1967). Methods 
to obtain stomach contents were used that would not 
damage the tuna specimens. The stomach contents of 
Thunnus were obtained through a longitudinal ventral 
incision through which the stomach was pulled, the con- 
tents were removed, and the emptied stomach pushed 
back into place. As a result, the total contents were not 
always obtained. The stomach contents that were 
collected for each specimen were preserved in 10% For- 
malin. Size (mm fork length (FL) ) and weight of the 
tuna were usually recorded. 

Alepisaurus stomach contents were obtained by shak- 
ing the specimen head-down over a bucket, after the 
removal from the longline hook. The lancetfish’s wide 
mouth, esophagus, and stomach allowed its stomach 
contents to fall out readily into the collection bucket. 
Contents were then preserved in 10% Formalin. 

Some stomach contents were identified at sea, record- 
ed, and discarded; others were identified at the Woods 
Hole Oceanographic Institution and Boston University. 


Table 1.—Numbers, size ranges, and mean sizes of Thunnus spp. and 
Alepisaurus examined. 


Size range 
N (cm FL) x 
Thunnus albacares 281 74-166 114 
Thunnus alalunga 48 96-106 101 
Thunnus thynnus 52 158-232 188 
Thunnus obesus 14 142-165 149 
Aleptsaurus sp. 89 48-138 _ 
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Figure 1.—Area sampled (crosshatched) for Thunnus and Alepisaurus by longline in the western North Atlantic. 


Heteropods and pteropods from this collection were 
removed and reported on by Russell (1960). The bulk of 
the material was then transferred to the National Marine 
Fisheries Service Systematics Laboratory at the U.S. 
_ National Museum of Natural History. To facilitate iden- 
tification, the stomach contents were divided into broad 
categories: fishes, cephalopods, other mollusks, 
crustaceans, jellyfish, and miscellaneous. D. M. 
Damkaer identified the crustaceans and, under the 
guidance of Clyde Roper (a specialist in cephalopod tax- 
onomy), the cephalopods and the remainder of the in- 
vertebrates. Leslie Knapp (Smithsonian Oceanographic 
Sorting Center (SOSC) ) supervised the identification of 
the fishes with the assistance of several specialists on the 
SOSC list. Representative specimens of forage species in 
good or fair condition have been deposited in the relevant 
collections of the National Museum of Natural History 
(worms, mollusks, crustaceans, and fishes). 

The identification of forage specimens depended on 
the degree to which digestion had damaged the organism 
and on its stage of- maturity, particularly in the 
crustaceans and cephalopods. Fishes were more com- 
pletely identified than were other groups, usually to 
family and often to species. A large portion of the in- 
vertebrate forage could be identified only to order or 
superfamily. Therefore, the number of taxa from any one 
category of forage organisms, while giving a picture of the 
diversity of forage, should not be considered quan- 
titatively. 

The relative importance of a forage category can con- 
veniently be thought of in terms of the amount of energy 
it affords its predator, measured by number and size of a 
particular organism eaten. The frequency with which an 
organism is eaten, furthermore, often gives a rough es- 
timate of its general availability to a predator. To 
evaluate the composition of forage, therefore, we used 
these three measurements: 1) Frequency was calculated 
as percent frequency of occurrence, e.g., in what percent- 
age of the total number of stomachs examined a par- 
ticular organism was found. 2) The number of in- 
dividuals per stomach from a particular forage group was 
compared numerically. 3) The size of a forage organism 
was expressed as length: crustaceans as mm total length, 
cephalopods as mm mantle length, and fishes as mm 
standard length (SL, tip of snout to the base of the 
caudal fin). Accuracy of measurement was dependent 
_ upon the degree to which the forage specimen had been 
_ digested; approximations were often made in cases where 
skeletons were incomplete, but suggestive of the 
organism’s full size. 

We considered a forage organism to be of greatest im- 
portance when it was eaten with relatively high frequen- 
cy, was comparatively larger than other forage organisms 
eaten, and was consumed by an individual predator in 
larger numbers than the mean number of other forage 
groups present in that stomach. The less important a 
forage organism appeared in these three aspects, relative 
to the other organisms eaten, the less important it was 
considered to the predator’s diet. No statistical tests 
were applied. 


RESULTS 


Taxonomic lists of forage components of Thunnus and 
Alepisaurus are presented in Appendix Table 1. Forage 
organisms which are additions to taxa listed for the 
Atlantic Ocean by Dragovich (1969) for Thunnus or by 
Haedrich (1964) for Alepisaurus are noted. Fishes, 
crustaceans, and mollusks made up the bulk of the 
collection. Medusae, salps, Sargassum, and parasitic 
nematodes and trematodes, which are not included in 
the forage lists, were also present. The forage composi- 
tion for all Thunnus species consisted of, by volume, 
about 45% fishes, 35% cephalopods, 15% crustaceans, 
and 5% miscellaneous items. 


Vertebrate Forage (Fishes) 


Fishes occurred with a frequency of 66-100%, 
depending on the species of predator. Those consumed 
by tunas ranged in length 9-360 mm SL (x 65 mm) and 
represented 88 genera in 58 families. Fishes eaten by 
Alepisaurus varied over a greater size range (8-846 mm 
SL, ~ 98 mm) and represented 40 genera in 34 families. 
The majority of forage fishes in Thunnus and 
Alepisaurus were immature forms of midwater fishes and 
epipelagic post-larvae and juveniles of shore fishes. 

Fish were present in 95% (266 stomachs) of the T. 
albacares stomachs examined. Evaluation of fish forage 
composition is based on 209 stomachs, however, in which 
fishes were identifiable. Of the 48 T. alalunga examined, 
79% (38 stomachs) contained fish. Evaluation is based on 
14 stomachs containing identifiable specimens. Seventy- 
three percent (38 stomachs) of the T. thynnus consumed 
fish. Forage composition analysis is based on 24 
stomachs containing identifiable specimens. Forage fish 
were present in all 14 of T. obesus examined, but could 
be identified further in only eight. 

The contents of Alepisaurus stomachs were generally 
in better condition than those from the tunas. Ninety- 
one percent (81 stomachs) of the Alepisaurus specimens 
examined had consumed fish, most of which were iden- 
tifiable at least to family. The percent identifiable from 
Alepisaurus stomachs may be larger than from tunas 
because identification was easier, perhaps because diges- 
tion in Alepisaurus takes place mainly in the intestine, 
the stomach being used only for storage (Rofen 1966). 


Thunnus albacares.—Forty families of fishes were 
found in the stomachs of yellowfin (Appendix Table 2). 
Those which occurred with at least 1% frequency are in- 
cluded in Figure 2. 

Ten families occurred with 10% frequency or more: 
Balistidae, 41%; Carangidae, 31%; Bramidae, 24%; 
Chiasmodontidae, 21%; Syngnathidae, 18%; 
Priacanthidae, 13%; Tetraodontidae, 13%; Holocen- 
tridae, 12%; Acanthuridae, 11%; and Scombridae, 10%. 
Except for the Scombridae, none was outstanding in 
either size or number. In most families, one genus or one 
species was chiefly responsible for its high frequency: 
Monacanthus spp., Caranx sp., Pterycombus sp., 
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Figure 2.—Relative importance of families of fishes present in more 
than 1% of the stomachs of western North Atlantic Thunnus 
albacares. Percent frequency of occurrence is on the horizontal axis, 
mean length (mm SL) of forage family on the vertical axis, and mean 
number of individuals in a forage family on the third axis. The most 
important families are those that occur more frequently (to the right 
on the horizontal axis), average larger in size (lines coming up from 
the horizontal axis), and are the most numerous (displaced back into 
page on third axis). 


Pseudoscopelus sp., Hippocampus erectus, Cookeolus 
boops, Sphoeroides sp., and Auxis sp. were of primary 
importance (Appendix Table 2). The occurrence of 32 
Cookeolus boops (13-66 mm SL) in 26 stomachs of T. 
albacares is of interest because only 13 specimens of this 
species have previously been recorded from the western 
Atlantic (Anderson et al. 1972). One of these was iden- 
tified by Caldwell (1962) from the stomach of one of the 
T. albacares collected during this study. 

Fishes eaten by yellowfin varied in length 11-360 mm 
SL, x 45 mm SL. Gempylids (¥ 216 mm), Coryphaena (x 
141 mm), Alepisaurus (¥ 120 mm), paralepidids (x 105 
mm), and scombrids (¥ 96 mm) were the largest forage 
fishes. Except for the Scombridae, they were present in 
only a few stomachs and in small numbers. 
Ogcocephalidae, although eaten infrequently and among 
the smallest (¥ 17 mm SL) forage fishes, was the only 
family to occur in large numbers (43 in one stomach, 
average 19). No fishes which were eaten in large 
numbers, or which were outstanding in size, occurred 
with greater than 6% frequency, except for the Scom- 
bridae. 


Thunnus alalunga.—Fishes consumed by T. alalunga 
belonged to 21 families (Appendix Table 3). They 
averaged slightly smaller (¥ 40 mm SL) than fishes eaten 
by T. albacares. Gempylidae and Paralepididae were the 


most important forage families in terms of size and fre- 
quency of occurrence. Gempylids consisted mostly of 
Diplospinus multistriatus which was present in 36% of 
the stomachs and was the largest sized group (x 151 mm 
SL). Paralepididae occurred in 29% of the stomachs and 
averaged 101 mm SL. Bramidae were present in 64% of 
the stomachs examined, but were less important in terms 
of size. Omosudis lowet was also frequently eaten, 
although the family Omosudidae as a whole did not oc- 
cur frequently. The only group to occur in large numbers 
was Ogcocephalidae, 40 of which were present in a single 
stomach. 


Thunnus thynnus.—The food of T. thynnus included 
17 families of fishes (Appendix Table 4). Bramidae (38%) 
were the most frequently occurring, with Collybus 
drachme and Taractes spp. (both present with 8% fre- 
quency) being chiefly responsible for the high frequency 
of the whole family. Balistidae (17%) were also consumed 
frequently. Alepisaurus sp., Auxis sp., and Hippocampus 
erectus occurred relatively frequently, though the fre- 
quencies of their families were not particularly high. 

The size range of forage fishes was 29-230 mm SL. No 
single family appeared to be unusually large in size, 
although T. thynnus forage fishes were larger on the 
average (x 107 mm SL) than those eaten by either T. 
albacares (x 45 mm SL) or T. alalunga ( 37 mm SL), 
while they were smaller than those of T. obesus (x 213 
mm SL). 


Thunnus obesus.—Nine families and six genera of 
fishes were identified from 14 T. obesus stomachs: 
Alepisauridae, Balistidae, Belonidae, Bramidae, 
Caproidae, Melamphaidae, Nemichthyidae, Paralepi- 
didae, and Trachipteridae. Only two families occurred in 
more than one stomach: Paralepididae, in three (37% fre- 
quency), and Alepisauridae, in two (25% frequency). The 
fishes eaten by T. obesus were on the whole larger than 
those consumed by the other species of Thunnus. The 
smallest was 83 mm SL; others ranged up to 340 mm 
(x 213 mm SL). 


Alepisaurus.—Thirty-eight genera of fishes from 36 
families were found in the stomach contents of 
Alepisaurus (Appendix Table 5). The five most common 
families included most of the largest fishes eaten. 
Paralepididae (¥ 124 mm SL) was the most frequently 
occurring family, present in 53% of the stomachs examin- 
ed. Several Paralepis coregonoides measured 600-846 
mm SL. Gempylidae ranked high in both size (¥ 105 mm 
SL) and occurrence (27%). Alepisauridae were the 
largest prey group eaten (x 213 mm SL) and were present 
in 12% of the stomachs. Sternoptychids were present in 
27% of the stomachs. They were not outstanding in size 
but were often consumed in large numbers—as many as 
54 in one stomach. Bramidae were present in 11% of the 
stomachs, although they were not important in either 
size or number. 


Invertebrate Forage 


Most taxa of invertebrate forage belonged to two 
groups, Mollusca and Crustacea (Appendix Table 1). 
Salps and scyphozoan medusae were also present, but 
were not identifiable. 


Thunnus.—Cephalopods were the most frequently oc- 
curring invertebrates (80-90%) in the stomachs of all 
species of Thunnus (Appendix Tables 6-8). Crustaceans 
were present in 30-80% of the stomachs, depending on 
the species of tuna. In stomachs where the two groups 
co-occurred, the percent-volume ratios of cephalopods: 
crustaceans were about 75:25 (range 67-79:21-33). 
Cephalopods were, furthermore, more often the exclusive 
content of a stomach than were crustaceans (Appendix 
Table 10). Heteropods and pteropods were also abun- 
dant, more so than indicated in our tables because they 
were removed from many samples by Russell (1960). 

Cephalopods were the largest invertebrates eaten 
(mantle lengths up to 200 mm). The most voluminous 
and abundant were species of the family Om- 
mastrephidae. Gonatus fabricii (Gonatidae) was also 
common. The most common octopods were the species of 
Argonauta (including A. argo) and Alloposus mollis. 
Surface-dwelling Argonauta occurred far more often in 
the stomachs of T. albacares (36%) and T. thynnus (25%) 
than in T. alalunga (8%), and was not found in T. obesus 
(Appendix Table 11). The gelatinous octopod, Alloposus 
mollis, was frequently consumed by T. thynnus (48% 
frequency), but rare or absent in the diet of other species 
of tunas. 

Even though abundant, pteropods and heteropods are 
not as important a component of the forage as are 
cephalopods and crustaceans because of the small size of 
these mollusks. They occurred in 52% of the T. thynnus 
stomachs examined (Appendix Table 8). Russell (1960) 
found the heteropod Carinaria lamarcki in T. albacares 
stomachs at 14 localities but gave no indication of either 
the number of heteropods found or the number of 
stomachs examined. He reported the pteropod Cavolina 
tridentata from T. albacares stomachs at three localities. 

Crustaceans were generally smaller than cephalopods 
and were usually consumed in larger numbers, par- 
ticularly amphipods and larval forms. The number of the 
hyperiid amphipod Phrosina semilunata (lengths of 20- 
30 mm) per single stomach sometimes exceeded 100 and 
constituted a considerable portion of the forage volume. 
Phrosina semilunata was present in the stomachs of 65% 
of the T. alalunga, and in 20-30% of the other tuna 
species. Although not in large numbers, various species 
of the hyperiid genus Phronima were also frequently 
utilized. They were found in 15% of T. albacares and T. 
thynnus, and in 9% of T. alalunga. Several other species 
of hyperiid amphipods collectively showed a high fre- 
quency of occurrence (10-20% depending on species of 
tuna). 

Decapods were the largest crustaceans consumed. Por- 
tunids, represented by the sargassum crab (Portunus 
sayt), when identifiable, were eaten by 11% of T. 


albacares. Brachyuran and anomuran larvae were found 
in about 10% of T. albacares and T. alalunga, though 
rarely present in T. thynnus and absent from T. obesus. 
The large penaeid larva Cerataspis petiti comprised a 
significant portion of the crustacean volume in 5% of T. 
albacares stomachs. Scyllarid larvae and juveniles were 
also consumed by T. albacares and T. alalunga, although 
less frequently. Other decapods, mostly larvae, occurred 
in low frequency when considered separately, but were 
present in a sizeable percentage of tuna stomachs (about 
10-30%) when considered as a group. 

Isopods and copepods were not significant in either 
volume or frequency (1-2%). In one sample, it appeared 
that copepods had been eaten by another forage 
organism and were in the tuna stomach only secondarily. 
Also, the isopod, Ceratothoa sp., a parasite of exocoetids, 
was probably ingested only incidentally, in the capture of 
its host. 


Alepisaurus.—Most of the invertebrates eaten by 
tunas were also consumed by Alepisaurus (Appendix 
Table 1). Forage composition differed, however, in the 
relative importance of different taxonomic groups. The 
percent-volume ratio of cephalopods:crustaceans was 
roughly 50:50 (Appendix Table 10). Crustaceans out- 
ranked cephalopods in frequency, however, in a ratio of 
75:50. Deep-dwelling soft-bodied squids 
(Histioteuthidae, Bathyteuthidae, Cranchiidae; Roper 
and Young 1975) occurred more often in Alepisaurus 
(15%) than in any of the tunas. Other squids, although 
eaten less than by tunas, were still common (42%). Oc- 
topods were often present in Alepisaurus forage, 
Argonauta in 25%, Alloposus in 32%, and all others in 
32% (Appendix Table 11). 

Crustaceans were more often the exclusive content of 
an Alepisaurus stomach than were cephalopods. 
Phronima spp. (51%), other hyperiids (47%) (including 
two not found in the tunas), and anomuran larvae (22%) 
occurred in generally higher numbers and with higher 
frequency than in any of the tunas. No portunids were 
found in Alepisaurus, although two or three unidentified 
crab larvae were present. 

Heteropods and pteropods were present in 14% and 
12% of the Alepisaurus stomachs that we examined 
(Appendix Table 9) but the actual occurrence was much 
higher because Russell (1960) removed these mollusks 
from many of the Alepisaurus stomachs. Russell reported 
seven species of heteropods from three families and five 
species of pteropods from two families in his sample of 
Alepisaurus stomachs (Appendix Table 1). The 
heteropod Carinaria lamarcki and four species of the 
pteropod genus Cavolina were found at most stations, 
but Russell gave no numbers of forage organisms or of 
stomachs examined. 

An important constituent of the Alepisaurus diet was 
the family of pelagic polychaetes, Alciopidae, present in 
38% of the stomachs and forming much of the total food 
bulk. Gelatinous organisms (salps, pyrosomas, medusae, 
and siphonophores) were also more common in 
Alepisaurus stomachs than in tunas. 


DISCUSSION 


Planktonic and nektonic organisms comprising the 
diets of the tunas and lancetfishes ranged widely in size 
and form, suggesting that these predators feed oppor- 
tunistically. Other data on the food of tunas show, world- 
wide, a large degree of consistency in forage composition, 
probably reflecting their association with a distinctive 
global epipelagic community (Haedrich and Nielsen 
1966; Parin et al. 1969; Brodulina 1974). Fishes were con- 
sistently the largest and most frequently occurring tax- 
onomic group and, where volumes were measured, con- 
stituted the largest forage volume. Cephalopods generally 
ranked second to fishes in all three measurements. Other 
invertebrates were generally much smaller but were often 
eaten in large numbers, particularly amphipods and 
larval crustaceans, probably encountered in swarms. 


Despite such overall consistency, definite differences 
in the relative importance of certain forage categories do 
indicate some degree of feeding selectivity, either 
anatomical or behavioral. Some interspecific and in- 
traspecific feeding differences can be traced to the 
anatomy of the predator. The size of the gill raker gap 
determines the minimum size of prey that can be cap- 
tured and retained (Magnuson and Heitz 1971) and the 
maximum prey size is determined by the greatest disten- 
sibility of the predator’s mouth and esophagus. Indeed, 
the small-mouthed tunas consumed generally smaller 
prey (mean forage fish length, 98 mm SL) than did the 
large-mouthed lancetfishes (mean forage fish length, 240 
mm SL) . 


A similar trend in forage utilization can be seen within 
a single tuna species. Thunnus albacares were divided 
into three size groups (60.0-99.9 cm FL, 100.0-119.9 cm 
FL, and 120.0-169.9 cm FL) to facilitate forage com- 
parison. The largest fishes eaten (Gempylidae, < length 
216 mm SL; Coryphaenidae, < length 141 mm SL; 
Alepisauridae, < length 120 mm SL; Paralepididae, 
length 105 mm SL; Scombridae, ¥ length 96 mm SL) 
were consumed most frequently by the largest sized 
tunas; among the prey families only the scombrids 
appeared in the smallest sized tunas. Conversely, the 
frequency of occurrence of the smallest forage organisms 
generally decreased with increasing tuna size, as shown 
by the overall mean frequency of occurrence for larval 
decapods in Appendix Table 6 (¥ 12.2% frequency of oc- 
currence in 60.0-99.9 cm FL tunas; x 10.3% in 100.0-119.9 
cm FL tunas; ¥ 3.33% in 120.0-169.9 cm FL tunas). 
Similar trends were not apparent in the other tuna 
species (Appendix Tables 7-8). 


A second limitation of forage composition is deter- 
mined by the fish’s predatory ability, particularly swim- 
ming speed. While the tunas are powerful, efficient 
swimmers, Alepisaurus is comparatively slow; this 
difference is reflected in the type of organism most fre- 
quently consumed. Swift-moving muscular squids (such 
as Gonatus and Onychoteuthis; Roper and Young 1975) 
were eaten much more frequently by tunas than by 
Alepisaurus; both capture squids more efficiently, 


however, than does the 10-foot Isaacs-Kidd midwater 
trawl. The predatory ability of tunas is further reflected 
in the frequency with which they consume such fast- 
swimming fishes as Belonidae, Scomberesocidae, Ex- 
ocoetidae, Carangidae, and Coryphaenidae. The absence 
of these families from the Alepisaurus stomachs, 
however, may be due to the fact that they are found only 
near the surface, where Alepisaurus probably does not 
feed, rather than because Alepisaurus is unable to catch 
them. 

Differences in depths at which predators feed probably 
constitute another mode of forage selectivity. In order to 
compare differences in feeding depth, we divided forage 
components somewhat arbitrarily into three categories 
according to their position in the water column: 
Sargassum-associates (strictly surface organisms 
associated with pelagic Sargassum in the upper 5 m of 
water); near-surface (the upper 20 m); and midwater 
(both vertical migrators and those which remain at 
depths). 

Thunnus albacares evidently fed mainly at the surface, 
particularly on Sargassum associates. Bits of Sargassum 
present in stomachs were probably accidentally ingested 
in the process of capturing associated fauna, of which 
Portunus sayl, the sargassum crab, and large numbers of 
epipelagic decapod larvae were most frequently con- 
sumed (see Fig. 4). The most frequently occurring fishes 
in T. albacares stomachs were juveniles of reef and shore 
fishes, also associates of the Sargassum community. 

The Sargassum community plays a similar role in the 
nutrition of other peak oceanic predators such as the 
dolphins Coryphaena hippurus and C. equiselis (Gibbs 
and Collette 1959). This utilization is reasonable to ex- 
pect, as the Sargassum community provides the major 
concentration of forage organisms in the otherwise barren 
oceanic surface waters (see Fine 1970; Dooley 1972). 

In contrast with the surface-oriented T. albacares, the 
diets of T. alalunga, T. thynnus, and T. obesus, com- 
posed mainly of midwater organisms, suggest that these 
tunas feed at somewhat greater depths. Forage com- 
positions observed may be incomplete, however, because 
the samples examined were comparatively small. 


The relatively small representation of epipelagic 
organisms and high frequency of occurrence of midwater 
fishes and invertebrates in the diet of Alepisaurus in- 
dicates that this predator feeds in the midwater layers 
(Figs. 3, 4). It might be noted in particular that 
Alepisaurus consumed the deeper-occurring gelatinous 
squids (Histioteuthidae, Bathyteuthidae, and 
Cranchiidae) and the gelatinous octopod, Alloposus 
mollis (family Alloposidae), much more frequently than 
did any of the tunas (except for T. thynnus feeding on 
Alloposus mollis). These cephalopods are probably not as 
abundant in the shallower levels, where tunas feed. 

Relative feeding depths discussed above generally cor- 
respond to hooking depth records for tunas (Shomura 
and Murphy 1955; Yabe et al. 1963; Osipov 1968; Legand 
and Grandperrin 1973; Saito 1975) and lancetfishes. 
Thunnus albacares is generally the most shallow- 
occurring species; T. alalunga and T. thynnus occur 
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Figure 3.—Frequency of occurrence of the 20 most frequently occurring families of fishes in the stomachs of Thunnus and Alepisaurus. Families 
are separated into three categories: Sargassum-associates, near-surface, and midwater. 


somewhat deeper and may have broader depth ranges; 
and T. obesus is recognized as the deepest swimming of 
the tunas. The distribution of the lancetfishes may be far 
broader than that of the tunas, although the lower depth 
limit is not established. Large specimens have been 
collected as shallow as 30 m, while small ones have been 
caught in open nets fished as deep as 2,000 m (Gibbs and 
Willimovsky 1966). Rancurel (1970) concluded that their 
primary feeding area is in the upper 300 m. 

The following paragraphs summarize observations on 
forage composition reported in major studies from both 
the Atlantic and the Pacific for comparison with our 
data. Forage composition in these studies may reflect 
differences in the geographical distributions of prey, 
local abundances of forage organisms, or local differences 
in either predator or prey swimming depths but the tax- 
Onomic composition of the major food components is 
similar in all of these studies. 


Thunnus albacares.—Dragovich (1970a) reported on 
the food of yellowfin from the western North Atlantic. 


Auxis sp. (Scombridae) constituted 26.6% of the food 
volume and occurred in 24.9% of the stomachs. Bramidae 
and Gempylidae occurred frequently and were moderate- 
ly important in volume and Balistidae were common. 
Other surface organisms (Carangidae and 
Priacanthidae), which were common in our study, were 
surprisingly absent in the study by Dragovitch (1970a). 
Serranids occurred frequently, 53.8%, and constituted 
56.9% of the total volume. Other high-ranking families in 
terms of occurrence and volume were Scombridae, 
Carangidae (mainly Decapterus sp.), Dactylopteridae 
(Dactylopterus volitans), and Chaetodontidae. 
Dragovich and Potthoff (1972) reported that the fish 
forage of yellowfins caught by live bait and trolling off 
the coast of West Africa consisted by occurrence and 
volume mainly of the epipelagic juveniles of 
Acanthuridae, Carangidae, Dactylopteridae, Lutjanidae, 
and Mullidae, and the midwater Gempylidae and 
Gonostomatidae. 

In the diet of yellowfin tunas in the central Pacific, 
acanthurids and bramids, particularly Collybus 
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Figure 4.—Frequency of occurrence of invertebrate forage categories in the stomachs of Thunnus and Alepisaurus. Cate- 
gories are separated by their general location in the water column: near-surface or midwater. 


drachme, ranked high in number, volume, and frequency 
(Reintjes and King 1953). Exocoetids, scombrids (mainly 
Katsuwonus pelamis), and carangids (mainly 
Decapterus sp.) were important in volume, but were in- 
frequently consumed. The most important fishes in the 
diet of central Pacific yellowfins were Collybus drachme 
and Gempylus serpens (King and Ikehara 1956). Scom- 
bridae and Mullidae were important in volume, though 
infrequently eaten. In the southwest Pacific, the families 
of fishes most frequently consumed by yellowfins were 
midwater Sternoptychidae (mostly Argyropelecus spp.), 
Paralepididae, and Bramidae, of which Collybus 
drachme was most important (Fourmanoir 1971). From 
the eastern tropical Pacific, Alverson (1963) reported 
Scombridae as the most important by volume (12.2%) 
followed in decreasing order of magnitude by Ex- 
ocoetidae, Tetraodontidae, Carangidae, Myctophidae, 
and Serranidae. 


Thunnus alalunga.—In stomachs of~longline-caught 
albacore from the central and northeastern Pacific, the 
midwater families Gempylidae, Bramidae, Sternopty- 
chidae, and Paralepididae were present most frequently 
(Iversen 1962). Gempylus serpens was the most frequently 
occurring species (9.9%) while Collybus drachme and 
Sternoptyx sp. were both present in 4.9% of the stomachs. 
In troll-caught albacore in California waters (Iversen 
1971), however, the most important forage fishes in terms 
of both volume and frequency of occurrence were ancho- 


vies and sauries, with certain deeper-occurring fishes 
(Tarletonbeania crenularis, Paralepis atlantica, 
Sebastes spp.) occurring less frequently. Albacore from 
New Caledonia (Fourmanoir 1971) consumed Sternop- 
tychidae, particularly Sternoptyx diaphana, and 
Bramidae, especially Collybus drachme most frequently. 


Thunnus thynnus.—Dragovich (1970b) reported 
Bramidae (Collybus drachme) and the epipelagic Scom- 
bridae (particularly Scomber scombrus and Auxis sp.) 
and Syngnathidae (Hippocampus erectus) as the most 
frequently consumed fishes in western North Atlantic T. 
t. thynnus. In the stomachs of the northern Pacific 
bluefin, T. thynnus orientalis, however, Pinkas (1971) 
found that Engraulis mordax was the primary forage 
component (72.0% occurrence), followed by the red 
swimmingcrab, Pleuroncodes planipes (13.5% occur- 
rence), and the saury, Cololabis saira (11.9% occurrence). 


Thunnus obesus.—In her studies on the food of bigeye 
tuna from the Gulf of Guinea, Borodulina (1974) found 
midwater fishes, Paralepididae, Sternoptychidae, 
Gonostomatidae, Omosudidae, Scopelarchidae, and 
Alepisauridae most frequently consumed. Gempylidae 
and Diretmidae were only occasionally utilized, but oc- 
curred in large numbers when they were present. In the 
eastern tropical Atlantic, Gempylidae, Trichiuridae, 
Bramidae, Alepisauridae, and Myctophidae were most 


frequently utilized (Maksimov 1972). Northeast of 
Brazil, however, Maksimov found that shallower dwell- 
ing carangids and mackerels were frequently consumed, 
along with Alepisaurus. 


Alepisaurus spp.—In the western North Atlantic, 
Haedrich (1964) reported findings similar to ours: 
paralipidids, sternoptychids, and alepisaurids were the 
most frequently occurring fishes. The midwater myc- 
tophids, gonostomatids, stomiatids, and chauliodontids 
that we observed, however, either occurred infrequently 
or were completely absent. 


The most important food organisms in Alepisaurus 
from the Indian Ocean (Parin et al. 1969) were fishes of 
the families Sternoptychidae (Sternoptyx diaphana), 
Bramidae, Alepisauridae, Nomeidae, Paralepididae, and 
Gempylidae. Myctophidae, Gonostomatidae, and other 
fishes that make daily vertical migrations were missing. 
They suggsted that Alepisaurus feeds in the depths 
between the daytime and nighttime accumulation levels 
of migrating fishes, and passage of these interzonal pop- 
ulations may be quite rapid through the depths where 
the Alepisaurus were located, explaining the paucity of 
vertically migrating organisms. 

In the southeastern Pacific, epipelagic fishes were 
more frequently eaten by Alepisaurus than midwater 
forms (Haedrich and Nielsen 1966), although some 
deeper living fishes such as Dolichopteryx were also oc- 
casionally present. Alepisaurus stomachs from Suruga 
Bay, Japan, contained fishes from surface, midwater, 
and bottom zones (Kubota and Uyeno 1969; Kubota 
1973). The four dominant fishes in both studies were 
Gephroberyx japonicus, Lophius litulon, Trichiurus lep- 
turus, and Engraulis japonica. In Alepisaurus from New 
Caledonia (Grandperrin and Legand 1970), the most 
frequently consumed fishes were Diplospinus mul- 
tistriatus (30%) and Sternoptyx diaphana (24%). 
Cephalopods were present in 15% of the stomachs, 
crustaceans in 10%, and annelids in 12%, most often in 
young Alepisaurus specimens. : 

Most studies on tuna food have been limited either to 
qualitative analysis or to quantitative analysis based on 
a relatively small number of stomach samples from a 
limited area. The accumulation of such data has made 
evident the currently acknowledged opportunistic 
feeding pattern in tunas. A better understanding of inter- 
specific differences in forage utilization might be met 
through large-scale quantitative analyses of tuna forage 
in comparison with in situ fauna and oceanographic con- 
ditions; there seems little need, however, for additional 
qualitative studies of tuna food in the future. 
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Appendix Table 1.—Forage components of Thunnus and Alepisaurus. 


(A) eaten by Alepisaurus; (T) eaten by Thunnus; (A*) addition to forage 


list of Haedrich (1964); (T*) addition to forage list of Dragovich (1969). 


Phylum Arthropoda 
Class Crustacea 
Subclass Copepoda (T) 
Order Calanoida 
Family Aetideidae 
Euchirella sp. (T*) 
Family Candaciidae 
Candacia sp. (T*) 
Subclass Malacostraca 
Order Isopoda (A) (T) 
Suborder Flabellifera 
Family Cirolanidae 
Cirolana sp. (T*) 
Family Cymothoidae 
Ceratothoa sp. (T*) 
Suborder Valvifera 
Family Idoteidae 
Idotea sp. (T) 
Order Amphipoda 
Suborder Hyperiidea (A) (T) 
Family Lanceolidae 
Lanceola sp. (A) (T) 
Family Vibiliidae 
Vibilia sp. (A*) (T) 
Family Hyperiidae 
Hyperia galba (A*) (T) 
Parathemisto gaudichaudii (A*) (T) 
Family Phronimidae 
Phronima sp. (A) (T) 
Phronima atlantica (incl. solitaria) (A) (T) 
Phronima sedentaria (A) (T) 
Family Phrosinidae 
Phrosina semilunata (A) (T) 
Family Lycaeidae 
Brachyscelus crusculum (A) (T) 
Lycaea serrata (A*) 
Family Oxycephalidae 
Oxycephalus clausi (A*) 
Family Platyscelidae 
Platyscelus ovoides (A) (T) 


Order Stomatopoda (larva) (T) 
Lysiosquilla (larva) (A*) (T) 

Order Euphausiacea (A) (T) 
Meganyctiphanes norvegica (A*) (T) 


Order Decapoda (larva and adult) (A) (T) 
Superfamily Penaeidea (A*) (T) 
Cerataspis petiti (larva) (T) 
Superfamily Caridea (larva) (A*) (T); (adult) (T) 
Hippolyte zostericola (T*) 
Notostomus sp. (T*) 
Periclimenes (Harpilius) americanus? (T*) 
Family Scyllaridae (larva) (A) (T) 
Scyllarides sp. (T) 
Scyllarus sp. (A*) (T) 
Superfamily Nephropsidea (larva) (T) 
Section Anomura (larva) (T) 
Family Diogenidae (larva) (A*) (T) 
Paguristes ? (larva) (A*) (T) 
Section Dromiacea (larva) (A*) (T) 
Section Brachyura (larva) (A) (T); (adult) (T) 
Family Portunidae (T) 
Portunus sayi (T*) 


Phylum Mollusca 
Class Gastropoda (A) (T) 
Order Heteropoda (A) (T) 
Family Atlantidae 
Atlanta peronit (A) 
Oxygyrus keraudrenii (A) 


Family Carinariidae 
Carinaria lamarcki (A) (T) 
Cardiapoda placenta (A) 

Family Pterotracheidae 
Pterotrachea hippocampus (A) 
Pterotrachea scutata (A) 
Pterotrachea coronata (A) 

Order Pteropoda (A) (T) 

Family Cavoliniidae 
Cavolina tridentata (A) (T) 
Cavolina uncinata (A) 
Cavolina gibbosa (A) 
Cavolina trispinosa (A) 

Family Pneumodermatidae 
Pneumoderma atlanticum (A) 

Order Nudibranchia 
Family Phylliroidae 
Phyllirhoe sp. (A*) 
Class Cephalopoda (A) (T) 
Order Teuthoidea 
Suborder Oegopsida (A) (T) 

Family Gonatidae (T) 
Gonatus fabricii (T) 

Family Enoploteuthidae (T) 
Abraliopsis sp. (A) 
Enoploteuthis sp. (A*) (T*) 
Enoploteuthis anapsis (A*) 
Pterygioteuthis giardi (A*) 

Family Onychoteuthidae (A) (T) 
Onychoteuthis sp. (T) 
Onykia ? sp. (T) 

Family Lepidoteuthidae (T) 
Tetronychoteuthis dussumieri (T*) 

Family Brachioteuthidae (A*) (T) 
Brachioteuthis ritset (A*) (T) 

Family Histioteuthidae (A*) (T) 
Histioteuthis sp. (T) 
Histioteuthis elongata (A*) 

Family Bathyteuthidae (A) 
Bathyteuthis abyssicola (A*) 

Family Ommastrephidae (A) (T) 
Hyaloteuthis pelagica (T*) 
Illex sp. (A*) (T) 
Ommastrephes spp. (A*) (T) 
Ommastrephes caroli (T*) 
Ornithoteuthis antillarum (T*) 

Family Thysanoteuthidae (T) 
Thysanoteuthis rhombus (T*) 

Family Cranchiidae (A) (T) 
Cranchia scabra (T) 

Leachia sp. (A*) (T*) 
Megalocranchia ? sp. (A) 
Order Octopoda (A) (T) 

Family Bolitaenidae 
Eledonella pygmaea (A*) (T*) 

Family Alloposidae 
Alloposus mollis (A*) (T) 

Family Ocythoidae 
Ocythoe tuberculata (T) 

Family Octopodidae 
Octopus sp. (A*) (T) 
Danoctopus schmidti (A*) 
Scaeurgus unicirrhus (A*) (T*) 

Family Argonautidae 
Argonauta sp. (A) (T) 
Argonauta argo (A) (T*) 


Phylum Coelenterata 
Class Scyphozoa (Medusae) (A) (T) 
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Appendix Table 1.—Forage components of Thunnus and Alepisaurus. (A) eaten by Alepisaurus; (T) eaten by Thunnus; (A*) addition to forage 
list of Haedrich (1964); (T*) addition to forage list of Dragovich (1969).—Continued. 
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Class Hydrozoa Order Gadiformes 
Order Siphonophora (A*) Family Moridae 
Laemonema barbatula (A*) 
Phylum Annelida Family Bregmacerotidae (A) 
Class Polychaeta Bregmaceros sp. (A) 
Family Alciopidae Family Gadidae (A) (T) 
Greeffia sp. (A*) Melanogrammus aeglefinus (A) (T*) 
Vanadis sp. (A*) Merluccius bilinearis (T) 


Order Atheriniformes 
Family Belonidae (T) 
y Tylosurus acus (T*) 
Salpida (A) (T) Family Scomberesocidae (T) 
Class Osteichthyes Scomberesox saurus (T) 
Order Anguilliformes Family Exocoetidae (T) 
Family Muraenidae Cypselurus sp. (T) 
Uropterygius diophus (A*) Cypselurus heterurus (T) 
Family Ophichthidae Exocoetus obtusirostris (T) 
Myrophis punctatus (T*) Family Hemiramphidae 
Pisodonophis cruentifer (A*) Hyporhamphus sp. (T) 
Family Nemichthyidae (T) 
Nemichthys scolopaceus (T) 
Order Clupeiformes 
Family Clupeidae (T) 
Order Salmoniformes 
Family Argentinidae (A) 
Family Gonostomatidae (A) (T) 
Gonostoma sp. (A) (T) 
Maurolicus sp. (T) : 
Family Sternoptychidae (A) (T) Oe UMTS 4 
Argyropelecus aculeatus (A) (T) Eamily Cepridee @) 
Sternoptyx diaphana (A) (T) Aiea Soon i felnc (U8) 


Family Stomiatidae (T) aah Eee (T) 
Eustomias sp. (T*) rder Lampridiformes 


Phylum Chordata 
Subphylum Tunicata 


Order Beryciformes 

Family Melamphaidae (T*) 

Family Anoplogasteridae (A) (T) 
Anoplogaster cornutus (A) (T) 

Family Monocentridae (T*) 

Family Holocentridae (T) 
Holocentrus sp. (T) 
Holocentrus ascenstonis (T) 


Family Aulopidae (T) Family Lophotidae.(T") 

wikis ree ae Family Trachipteridae (A) (T) 
pus nanae 

Family Paralepididae (A) (T) Trachipterus sp. (A) (T) 
Lestidiops sp. (T*) Order Gasterosteiformes 
Lestidiops affinis (A) Family Fistulariidae (T) 
Lestidium atlanticum (A) (T*) Fistularia sp. (T) 
Macroparalepis sp. (A) Family Syngnathidae (A) (T) 
Notolepis rissot (T) Hippocampus sp. (T) 
Paralepis sp. (T) Hippocampus erectus (A) (T*) 


Paralepis atlantica (A) 
Paralepis coregonoides (A) (T) 
Paralepis elongata (A) (T*) 
Stemonosudis sp. (T*) 

Family Omosudidae (A) (T) 
Omosudis lowei (A) (T) 

Family Alepisauridae (A) (T) 
Alepisaurus sp. (A) (T) 
Alepisaurus brevirostris (A) (T*) 
Alepisaurus ferox (A) (T) 

Family Anotopteridae (A) (T) 
Anotopterus pharao (A) (T) 

Family Myctophidae (A) (T) 
Gonichthys coccot (T*) 
Lampanyctus sp. (A) 

Order Lophiiformes 

Family Lophiidae (A) 
Lophius americanus (A) 

Family Antennariidae (A) (T) 


Order Scorpaeniformes 

Family Scorpaenidae (A) 

Family Triglidae 
Peristedion gracile (T) 
Peristedion greyae ? (T) 
Peristedion miniatum (T) 

Order Dactylopteriformes 
Family Dactylopteridae (T) 
Dactylopterus volitans (T) 
Order Perciformes 
Family Serranidae (A) (T) 
Serranus sp. (T*) 

Family Priacanthidae (T) 
Cookeolus boops (T*) 
Pseudopriacanthus sp. (T) 

Family Echeneidae (T) 
Remora osteochir (T*) 

Family Carangidae (T) 
Caranx sp. (T) 


Antennarius radiosus (A) (T) Selar crumenophthalmus (T) 
Family Ogcocephalidae (A) (T) Seriola dumerili (T*) 
Dibranchus atlanticus (T*) Seriola rivoliana (T*) 
Halieutichthys aculeatus (A) Trachurus sp. (T) 
Suborder Ceratioidei Trachurus lathami (T) 
Family Ceratiidae Vomer setapinnis (T) 
Borophryne sp. (T*) Family Coryphaenidae (T) 
Family Linophrynidae (T*) (A) Coryphaena equiselis (T*) 
Linophryne sp. (T*) (A) Coryphaena hippurus (T) 
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Appendix Table 1.—Forage components of Thunnus and Alepisaurus. (A) eaten by Alepisaurus; (T) eaten by Thunnus; (A*) addition to forage 
list of Haedrich (1964); (T*) addition to forage list of Dragovich (1969).—Continued. 


Family Bramidae (T) 
Collybus drachme (T) 
Pteraclis sp. (A) (T) 
Pterycombus sp. (A) (T) 
Taractes sp. (T) 

Family Lutjanidae (A) (T) 
Pristipomoides sp. (A) (T) 
Pristipomoides aquilonurus (T) 

Family Chaetodontidae (T) 
Centropyge argi (T*) 

Family Pomacentridae (T*) 

Family Trichodontidae (T*) 

Family Uranoscopidae (A) 
Kathestoma averruncus (A) 

Family Chiasmodontidae (T) 
Pseudoscopelus sp. (T*) 

Family Acanthuridae (A) (T) 
Acanthurus chirurgus (T) 
Acanthurus coeruleus (T) 

Suborder Scombroidei (A) (T) 

Family Gempylidae (A) (T) 
Diplospinus multistriatus (A) (T*) 
Gempylus serpens (T) 
Nealotus sp. (A) 

Nealotus tripes (A) (T*) 
Nesiarchus nasutus (A) (T) 

Family Trichiuridae (T) 

Family Scombridae (A) (T) 
Auxis sp. (A) (T) 
Euthynnus alletteratus (T) 
Katsuwonus pelamis (T) 
Scomber japonicus (A*) (T) 
Thunnus atlanticus (T) 

Family Xiphiidae 
Xiphias gladius (T*) 

Suborder Stromateoidei (A) (T) 
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Family Stromateidae (A) 
Peprilus triacanthus (A) 

Family Centrolophidae (A) (T) 
Hyperglyphe sp. (T*) 
Hyperglyphe perciformis (A) (T) 

Family Nomeidae (A) (T) 
Nomeus sp. (A) (T) 

Psenes maculatus (‘T*) 
Psenes pellucidus (A) (T*) 
Family Tetragonuridae (A) (T) 

Tetragonurus cuvieri (A) (T) 
Order Pleuronectiformes 
Family Bothidae (A) (T) 
Order Tetraodontiformes 
Suborder Balistoidei (T) 

Family Balistidae (incl. Monacanthidae) (A) (T) 

Aluterus sp. (T) 

Balistes sp. (T) 

Balistes capriscus (T) 
Cantherhines sp. (T) 
Canthidermis sp. (T) 
Canthidermis maculatus (T*) 
Monacanthus sp. (T*) 
Monacanthus ciliatus (T) 
Monacanthus hispidus (T*) 
Monacanthus tuckeri (A) (T) 
Xanthichthys ringens (T) 

Family Tetraodontidae (A) (T) 
Lagocephalus sp. (T) 
Sphoeroides sp. (T) 

Family Diodontidae (T) 
Chilomycterus sp. (T*) 
Diodon sp. (T) 

Family Molidae (T) 

Mola mola (T*) 
Ranzania laevis (T*) 


Appendix Table 2.—Precent frequency of occurrence of food fish categories identified from 266 stomachs of western North 


Atlantic Thunnus albacares by size range. 


Food fish categories 


Size (cm FL): —_ 60.0-99.9 100.0-119.9 


No. of specimens: 58 90 


Sternoptychidae (unid.) 
Sternoptyx diaphana 
Aulopidae 
Aulopus nanae 
Paralepididae (unid.) 
Omosudidae 
Omosudis lowet 
Alepisauridae 
Alepisaurus brevirostris 
A. ferox 
Ogcocephalidae (unid.) 
Halteutichthys aculeatus 
Ceratioidei (unid.) 
Ceratiidae 
Borophryne sp. 
Gadidae 
Melanogrammus aeglefinus 
Belonidae 
Tylosurus acus 
Exocoetidae 
Cypselurus sp. 
C. heterurus 
Exocoetus obtusirostris 
Hemiramphidae 
Hyporhamphus sp. 
Scomberesocidae 
Scomberesox saurus 
Anoplogasteridae 
Anoplogaster cornutus 
Holocentridae (unid.) 
Holocentrus sp. 
H. ascenstonis 
Caproidae 
Antigonia capros 
Fistulariidae 
Fistularia sp. 
Syngnathidae (unid.) 
Hippocampus sp. 
H. erectus 
Triglidae 
Peristedion greyae 
P. gracile 
P. miniatum 
Dactylopteridae 
Dactylopterus volitans 
Perciformes (unid.) 
Serranidae (unid.) 
Priacanthidae 
Cookeolus boops 
Pseudopriacanthus sp. 
Echeneidae 
Remora osteochir 
Carangidae (unid.) 
Caranx sp. 
Selar crumenophthalmus 
Seriola dumerili 
S. falcata 
Trachurus sp. 
Vomer setapinnis 
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Appendix Table 2.—Percent frequency of occurrence of food fish categories identified from 266 stomachs of western North 
Atlantic Thunnus albacares by size range.—Continued. 


Size (cm FL): 60.0-99.9 100.0-119.9 120.0-169.9 Unknown Total 
Food fish categories No. of specimens: 58 90 63 55 266 
Coryphaenidae 
Coryphaena equiselis 3 2 1 
Coryphaena hippurus 2 6 6 4 5 
Bramidae (unid.) 3 1 2 2 
Collybus drachme 5 2 6 3 
Pteraclis sp. 4 1 
Pterycombus sp. 26 13 3 11 
Taractes sp. 3 <I 
Lutjanidae 
Pristipomoides sp. 1 <1 
Chaetodontidae (unid.) 10 1 2 3 
Centropyge argi 5 1 2 2 
Chiasmodontidae (unid.) it 2 
Pseudoscopelus sp. 16 11 3 8 
Acanthuridae (unid.) 9 7 2 5 
Acanthurus coeruleus 4 1 
Acanthurus chirurgus 2 <1 
Trichiuridae (unid.) 1 <1 
Gempylidae (unid.) 2 <yil: 
Diplospinus multistriatus 6 2 
Gempylus serpens 3 1 
Nealotus tripes 3 1 
Neastarchus nasutus 2 <1 
Scombridae 
Auxis sp. 5 3 8 7 5 
Euthynnus alletteratus 2 <1 
Katsuwonus pelamis 2 4 2 
Thunnus atlanticus 2 <1 
Xiphiidae 
Xiphias gladius 2 <3 il 
Stromateoidei (unid.) 2 2 2 
Nomeidae (unid.) 2 1 1 
Tetragonuridae 
Tetragonurus cuviert 1 <ul 
Bothidae (unid.) 2 <1 
Tetraodontiformes (unid.) 3 3 2 
Balistoidei (unid.) 3 3 2 
Balistidae (including Monacanthidae) 19 24 27 3 12 
Aluterus sp. 3 5 2 
Balistes sp. 1 10 3 3 
Balistes capriscus 2 2 9 3 
Cantherhines sp. 2 <j 
Canthidermis sp. 5 1 2 
Canthidermis maculatus 2 <1 
Monacanthus sp. 6 17 5 7 
Monacanthus ciliatus 2 <1 
Monacanthus hispidus 3 <1 
Xanthichthys ringens 2 3 2 
Tetraodontidae (unid.) 5 2 2 
Lagocephalus sp. 5 4 2 
Sphoeroides sp. 3 8 3 
Diodontidae 
Diodon sp. 2 2 3 2 2 
Molidae (unid.) 2 —l 
Mola mola 2 <li 
Ranzania laevis 2 6 2 3 
Unidentified fishes 21 17 25 67 30 
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western North Atlantic Thunnus alalunga by size range. 


Appendix Table 3.—Percent frequency of occurrence of food fish categories in 38 stomachs of 


Size (cm FL): 80.0-99.9 100.0-110.0 


Food fish categories No. of specimens: 3: 15 


Sternoptychidae 
Sternoptyx diaphana 
Paralepididae (unid.) 
Omosudidae 
Omosudis lowei 
Alepisauridae 
Myctophidae 
Ogcocephalidae (unid.) 8 
Caproidae 
Antigonia capros 
Triglidae 
Peristedion gracile 8 
Perciformes (unid.) 8 
Serranidae (unid.) 
Carangidae 
Vomer setapinnis 
Bramidae 
Collybus drachme 
Pteraclis sp. 
Pterycombus sp. 
Chaetodontidae (unid.) 8 
Pomacentridae (unid.) 
Chiasmodontidae 
Acanthuridae 
Gempylidae 
Diplospinus multistriatus 
Nealotus tripes 
Nesiarchus nasutus 
Scombridae 
Auxis sp. 15 
Scomber japonicus 8 
Nomeidae 
Psenes pellucidus 
Bothidae 8 
Tetraodontidae 8 
Diodontidae 
Chilomycterus sp. 
Unidentified fishes 77 


23 


67 
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Appendix Table 4.—Percent frequency of occurrence of food fish categories in 38 stomachs of western North Atlantic Thunnus thynnus. 


Food fish categories 


Ophichthidae 
Myrophis punctatus 
Sternoptychidae 
Argyropelecus aculeatus 
Alepisauridae 
Alepisaurus sp. 
Anotopteridae 
Anotopterus pharao 
Scomberesocidae 
Scomberesox saurus 
Anoplogasteridae 
Anoplogaster cornutus 
Lophotidae 
Syngnathidae 
Hippocampus erectus 
Carangidae 


% freq. 


Food fish categories 


Bramidae 
Collybus drachme 
Pteraclis sp. 

Taractes sp. 
Trichiuridae 
Scombridae 

Auxis sp. 

Balistidae (incl. Monacanthidae) 
Aluterus sp. 
Monacanthus hispidus 
Xanthichthys ringens 

Tetraodontidae 
Sphoeroides sp. 

Diodontidae 

Molidae 
Mola mola 

Unidentified fishes 


% freq. 
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Appendix Table 5.—Percent frequency of occurrence of food fish categories in 81 stomachs of western North Atlantic Alepisaurus. 


Food fish categories 


Ophichthidae 
Pisodonophis cruentifer 
Muraenidae 
Uropterygius diopus 
Argentinidae 
Gonostomatidae 
Gonostoma sp. 
Sternoptychidae 
Argyropelecus aculeatus 
Sternoptyx diaphana 
Aulopidae 
Aulopus nanae 
Paralepididae 
Lestidium affine 
Lestidium atlanticus 
Macroparalepis sp. 
Notolepis rissot 
Paralepis sp. 
Paralepis brevirostris 
Paralepis coregonoides 
Paralepis elongata 
Omosudidae 
Omosudis lowet 
Alepisauridae 
Alepisaurus sp. 
Alepisaurus brevirostris 
Alepisaurus ferox 
Anotopteridae 
Anotopterus pharao 
Myctophidae 
Lampanyctus sp. 
Lophiidae 
Lophius americanus 
Antennariidae 
Antennarius radiosus 
Ogcocephalidae 
Halieutichthys aculeatus 
Linophrynidae 
Linophryne sp. 
Bregmacerotidae 
Bregmaceros sp. 
Gadidae 
Melanogrammus aeglefinus 
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Food fish categories 


Moridae 

Laemonema barbatula 
Anoplogasteridae 

Anoplogaster cornutus 
Trachipteridae 

Trachipterus sp. 
Syngnathidae 

Hippocampus erectus 
Scorpaenidae 
Serranidae 
Carangidae 

Trachurus lathami 

Vomer setapinnis 
Bramidae 

Pteraclis sp. 

Pterycombus sp. 
Lutjanidae 

Pristipomoides sp. 
Uranoscopidae 

Kathestoma averruncus 
Acanthuridae 
Gempylidae 

Diplospinus multistriatus 

Neolotus sp. 

Neolotus tripes 

Nesiarchus nasutus 
Scombridae 

Auxis sp. 

Scomber japonicus 
Stromateidae 

Peprilus triacanthus 
Centrolophidae 

Hyperglyphe perciformis 
Nomeidae 

Nomeus sp. 

Psenes pellucidus 
Tetragonuridae 

Tetragonurus cuvieri 
Bothidae 
Balistidae 

Monacanthus tuckeri 
Tetraodontidae 


% freq. 
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Appendix Table 6.—Percent frequency of occurrence of principal invertebrate groups in 215 


stomachs of western North Atlantic Thunnus albacares by size range. 


Food categories 


Portunidae 

Brachyura larvae 
Anomura larvae 
Cerataspis larvae 
Scyllaridae (incl. larvae) 
Other Decapoda (incl. larvae) 
Stomatopoda larvae 
Euphausiacea 

Phrosina semilunata 
Phronima spp. 

Other Hyperiidea 
Isopoda 

Copepoda 

Heteropoda 

Pteropoda 

Other Gastropoda 
Cephalopoda 


Size (cm FL): 60.0-99.9 100.0-119.9 
No. of specimens: 59 91 
12 i 
8 10 
19 14 
5 7 
3 
12 8 
17 20 
5 
29 16 
12 15 
15 9 
2 3 
2 2 
10 10 
3 
83 77 
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Appendix Table 7.—Percent frequency of occurrence of principal invertebrate 
groups in 34 stomachs of western North Atlantic Thunnus alalunga by size range. 


Size (em FL): 80.0-99.9 100.0-110 Total 

Food categories No. of specimens: 15 19 34 
Brachyura larvae 20 5 12 
Anomura larvae 13 6 
Scyllaridae (incl. larvae) u 11 9 
Other Decapoda (incl. larvae) 20 37 29 
Stomatopoda larvae 13 47 32 
Euphausiacea 7 11 9 
Phrosina semilunata 60 68 65 
Phronima spp. 7 10 S) 
Other Hyperiidea 20 26 24 
Cephalopoda 93 84 89 


Appendix Table 8.—Percent frequency of occurrence of principal invertebrate groups in 27 
stomachs of western North Atlantic Thunnus thynnus by size range. 


Size (cm FL): 100.0-149.9 150.0-199.9 200.0-231.9 
Food categories No. of specimens: 10 10 os 

Other Decapoda (incl. larvae) 20 14 
Euphausiacea 10 10 14 
Phrosina semilunata 50 14 
Phronima spp. 10 30 

Other Hyperiidea 10 40 14 
Heteropoda; Pteropoda 7 50 29 
Cephalopoda 90 90 71 
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Total 
27 


Appendix Table 9.—Percent frequency of occurrence of principal 
invertebrate groups in 81 stomachs of western North Atlantic 


Alepisaurus spp. 


Food categories 


Brachyura larvae 
Anomura larvae 
Scyllaridae (larvae) 
Other Decapoda (incl. larvae) 
Stomatopoda larvae 
Euphausiacea 

Phrosina semilunata 
Phronima spp. 

Other Hyperiidea 
Isopoda 

All Crustacea combined 
Heteropoda 

Pteropoda 

Other Gastropoda 
Polychaeta 

Salpa and Pyrosoma 
Cephalopoda 

Medusae 


% freq. 


23 
22 


Appendix Table 10.—Occurrence and co-occurrence of crustaceans and cephalopods in 


the stomachs of western North Atlantic Thunnus and Alepisaurus species. 


Number of Number —_o-occurrence, estimated 
exclusive occurrences of average percent-volume 
co-occur- 
Species Crustaceans Cephalopods  rences Crustaceans Cephalopods 

T. albacares 28 89 125 31 69 
T. alalunga 7 8 30 33 67 
T. obesus a 7 7 21 79 
T. thynnus 3 26 14 23) 77 
Alepisaurus spp. 30 9 31 54 46 


Appendix Table 11.—Percent frequency of occurrence of cephalopod groups in stomachs of western North 


Atlantic Thunnus and Alepisaurus species. 


T.albacares_T. alalunga T. obesus T. thynnus Alepisaurus spp. 

Specimens containing cephalopods 214 38 14 40 40 

(Percent of total) (77) (79) (100) (77) (49) 
Soft-bodied squids,' % with 2 3 (0) 0 15 
Other squids, % with 72 66 86 45 42 
Argonauta spp., % with 36 8 0 25 25 
Alloposus mollis, % with 5 0 0 48 32 
Other octopods, % with 12 32 0 0 32 


‘Bathyteuthidae, Cranchiidae, 


and Histioteuthidae. 
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Catch and Catch Rates of Fishes Caught by 
Anglers in the St. Andrew Bay System, 
Florida, and Adjacent Coastal Waters, 1973 


DOYLE F. SUTHERLAND! 


ABSTRACT 


Anglers were interviewed on four fixed platforms in the St. Andrew Bay system and on charter 
boats that were fishing in the bay and adjacent coastal waters in 1973. They caught fishes of at least 54 
species (not all were identified to species) in 31 families. The majority (58.0%) of the fishes that were 
caught from fixed platforms consisted of pinfish, Lagodon rhomboides, (18.2%); sea catfish, Arius 
felis, (12.2%); spotted seatrout, Cynoscion nebulosus, (10.0%); blue runner, Caranx crysos, (8.8%); and 
crevalle jack, Caranx hippos, (8.8%). On charter boats, king mackerel, Scomberomorus cavalla, com- 
prised the majority of the catches (73.9%). 

The average catch rates varied from 0.0 to 10.7 fish/h among anglers on fixed platforms and from 
0.0 to 32.0 fish/h among charter boats. The greatest monthly average catch rates on fixed platforms 
were 2.2 fish/h in October at Deer Point Dam, 1.8 in October at Bailey Bridge, 1.8 in December at 
Hathaway Bridge, 2.3 in May at West Jetty, and 10.6 in September on charter boats. On the fixed plat- 
forms, the highest average catch rate for all months was 1.4 with squid and the lowest was 0.5 with 
fiddler crabs. Whole round scads and 00-squid spoons were used for bait by virtually all surveyed 


charter boats. 


INTRODUCTION 


The St. Andrew Bay system and adjacent coastal 
waters (Fig. 1) attract many recreational anglers. The 
recreational fishery has not been previously assessed. A 
1973 catch and catch rate survey of recreational fishing 
in the area was conducted to provide fishery managers 
with baseline estimates of fish availability to anglers for 
evaluating future trends. A companion study of the com- 
mercial and recreational fishing effort for fisheries in the 
area was also conducted in 1973 (Sutherland, manuscript 
in preparation). 

Increased demand for food and sport fishes is a growing 
concern to fishery managers. In recent years, the land- 
ings in pounds of food fishes by anglers have amounted 
to about one-half the commercial landings (Deuel 1973; 
U.S. Department of Commerce 1976). In the eastern Gulf 
of Mexico, croakers exceeded all other species in num- 
bers caught, followed by spotted seatrout, catfishes, sand 
seatrout, porgies, kingfishes, and grunts (Deuel 1973). 
Croakers and seatrouts are highly regarded by the pub- 
lic and are readily available to commercial and 
recreational fishermen in estuarine habitats. The num- 
ber of recreational fishermen seeking those and other 
fishes is estimated to increase by 8-10% annually (Deuel 
1973). The number of commercial fishermen is 
presumably limited by finfish availability and by social 
and economic factors that prevail in the area. 

A relatively nonrestricted commercial fishery for 
shrimp and for food and bait fishes exists in the St. An- 


‘Southeast Fisheries Center Panama City Laboratory, National Marine 
Fisheries Service, NOAA, P.O. Box 4218, Panama City, FL 32401. 


drew Bay system and adjacent coastal waters. A daily 
bag and size limit on several species of fishes is imposed 
on recreational anglers. 

Catch and effort data for commercial and recreational 
fishing in identifiable management areas are needed to 
achieve optimum biological yield and to resolve other 
resource management problems (Irby 1974). While com- 
mercial landings are documented annually, the infor- 
mation is of little value for management of identifiable 
areas, for the fishing location and fishing effort are 
omitted. Similarly, catch and catch rates obtained from 
anglers may or may not reflect the actual availability or 
abundance of fishes, for angling success depends on such 
factors as angling skill, method, bait, location, etc. Not 
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Figure 1.—St. Andrew Bay system, Fla., and adjacent coastal waters. 


all species of food or game fishes known to occur in St. 
Andrew Bay were caught by the interviewed anglers. The 
red snapper, Lutjanus campechanus, and tarpon, Mega- 
lops atlantica, are examples. The results from our catch 
and catch rate survey are presented below. 


METHODS 


Anglers on four fixed platforms in the St. Andrew Bay 
system and charter boat captains or mates who fished in 
the bay, inlet, and adjacent coastal waters (Fig. 1) were 
interviewed for catch rate data. The fixed platforms 
were: 1) Deer Point Dam, 2) Bailey Bridge, 3) Hathaway 
Bridge, and 4) West Jetty. Only charter boatmen that 
trolled for nearshore pelagic fishes, chiefly Spanish and 
king mackerels, were interviewed, since charter boats in 
the demersal fishery generally fish beyond 25 km offshore. 
More importantly, charter boatmen are exceedingly re- 
luctant to reveal the location of their demersal fishing 
grounds. Most of the interviewed charter boatmen fished 
within 25 km of West Pass. 

The creel census was conducted twice weekly by 
rotating the visits among the fixed platforms and char- 
ter boats. On occasions when anglers did not use the 
scheduled fixed platforms, additional visits were made to 
the marinas to obtain catch rates from charter boats. 
None of the fixed platforms were used by anglers on sur- 
vey days in January or the charter boats in January, Feb- 
ruary, and December. In the period February through 
December, catch rates were obtained on 23 visits to Deer 
Point Dam, Bailey Bridge, and Hathaway Bridge, and on 
24 visits to West Jetty and charter boats. 

The catch rates obtained in this survey were from day- 
time angling only. Of the anglers interviewed on fixed 
platforms few had started fishing prior to 0600 h. Peak 
fishing hours were from 0900 to 1100. Similarly, relatively 
few of the surveyed charter boats fished prior to 0600; 


most fished during the hours 0600 to 1000. All fishing 
times were recorded to the nearest one-quarter hour. The 
survey ended at 1600 each day. 

The fixed platforms were surveyed continuously 
throughout the day. The beginning time, catch, and kind 
of bait were recorded for each angler. Elapsed fishing 
time, additional catch, and bait changes were noted in 
repeated interviews of individual anglers. Fishes that 
were reportedly caught and returned to the water were 
classed as throwbacks; the number reported was ac- 
cepted as accurate. Observed fishes were usually iden- 
tified to species, but in some cases were identified only to 
family. 

Charter boat captains attempted to schedule their first 
pelagic fishing trip each day to begin at 0600. Since most 
charters were for 4 h, peak fishing hours were from 0600 
to 1000, although previously scheduled and nonscheduled 
trips departed and returned to the marinas throughout 
the day. Catch and effort data were obtained from as 
many of the returning charter boats as time and circum- 
stance permitted. 


FISHES CAUGHT 


Anglers caught at least 55 species of fishes in 31 
families (Table 1): 31 species at West Jetty, 21 at 
Hathaway Bridge, 20 at Deer Point Dam, 13 at Bailey 
Bridge, and 23 on charter boats. Sciaenidae contributed 
the greatest number of species (seven) followed by 
Carangidae (six); other families were represented by 
three or four species. Eight species of fishes constituted 
72.9% of the total catch on fixed platforms: finfish 
(18.2%), sea catfish (12.8%), spotted seatrout (10.0%), 
blue runner (8.8%), crevalle jack (8.8%), sand seatrout 
(5.9%), Atlantic croaker (4.8%), and lefteye flounder 
(3.6%). King mackerel constituted 73.9% of the total 
catch by charter boats. 


Table 1.—Common and scientific names of fishes caught by anglers at four locations in St. Andrew Bay system, Fla., and in adjacent coastal 
waters, 1973 


Bay and 
Deer Pt. Bailey Hathaway West coastal 
Common name Scientific name Dam Bridge Bridge Jetty waters 
Requiem sharks CARCHARHINIDAE 
Carcharhinus sp. x x x 
Hammerhead sharks SPHYRNIDAE 
Sphyrna sp. x 
Stingrays DASYATIDAE 
Dasyatis sp. x x 
Morays MURAENIDAE 
Gymnothorax sp. x x 
Lizardfishes SYNODONTIDAE 
Inshore lizardfish Synodus foetens x x 
Sea catfishes ARIIDAE 
Sea catfish Arius felis x x x x x 
Gafftopsail catfish Bagre marinus x x x 
Toadfishes BATRACHOIDIDAE 
Gulf toadfish Opsanus beta x x 
Needlefishes BELONIDAE x x 
Sea basses SERRANIDAE 
Sea bass Centropristis sp. x x 
Sand perch Diplectrum formosum x x 
Gag Mycteroperca microlepis x x 


Common name 


Sunfishes 
Bluegill 
Redear sunfish 
Bluefishes 
Bluefish 
Cobias 
_ Cobia 
Jacks and pompanos 
Blue runner 
Crevalle jack 
Horse-eye jack 
Leatherjacket 
Greater amberjack 
Florida pompano 
Dolphins 
Pompano dolphin 
Dolphin 
Snappers 
Red snapper 
Gray snapper 
Vermilion snapper 
Grunts 
Tomtate 
Pigfish 
Porgies 
Sheepshead 
Pinfish 
Drums 
Silver perch 
Spotted seatrout 
Sand seatrout 
Spot 
Atlantic croaker 
Black drum 
Red drum 
Spadefishes 
Atlantic spadefish 
Parrotfishes 
Mullets 


Barracudas 
Great barracuda 
Cutlass fishes 
Atlantic cutlassfish 
Mackerels and tunas 
Wahoo 
Little tunny 
King mackerel 
Spanish mackerel 
Billfishes 
Sailfish 
Searobins 


Lefteye flounders 


Triggerfishes and 
Filefishes 

Gray triggerfish 

Planehead filefish 
Boxfishes 

Scrawled cowfish 
Puffers 

Southern puffer 
Porcupinefishes 

Striped burrfish 


Table 1.—Continued. 


Deer Pt. Bailey 
Scientific name Dam Bridge 


CENTRARCHIDAE 
Lepomis macrochirus x 
Lepomis microlophus x 
POMATOMIDAE 
Pomatomus saltatrix 
RACHYCENTRIDAE 
Rachycentron canadum 
CARANGIDAE 
Caranx crysos x x 
Caranx hippos x x 
Caranx latus 
Oligoplites saurus x 
Sertola dumerili 
Trachinotus carolinus 
CORYPHAENIDAE 
Coryphaena equisetis 
Coryphaena hippurus 
LUTJANIDAE 
Lutjanus campechanus 
Lutjanus griseus x 
Rhomboplites aurorubens 
POMADASYIDAE 
Haemulon aurolineatum 
Orthopristis chrysoptera x x 
SPARIDAE 
Archosargus probatocephalus x x 
Lagodon rhomboides x x 
SCIAENIDAE 
Bairdiella chrysura 
Cynoscion nebulosus 
Cynoscion arenarius 
Leiostomus xanthurus 
Micropogon undulatus 
Pogonias cromis 
Sciaenops ocellata 
EPHIPPIDAE 
Chaetodipterus faber 
SCARIDAE 
MUGILIDAE 
Mugil sp. 
SPHYRAENIDAE 
Sphyraena barracuda 
TRICHIURIDAE 
Trichiurus lepturus 
SCOMBRIDAE 
Acanthocybium solanderi 
Euthynnus alletteratus 
Scomberomorus cavalla 
Scomberomorus maculatus 
ISTIOPHORIDAE 
Istiophorus platypterus 
TRIGLIDAE 
Prionotus sp. 
BOTHIDAE 
Paralichthys sp. 
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BALISTIDAE 
Balistes capriscus 
Monacanthus hispidus 
OSTRACIIDAE 
Lactophrys quadricornis 
TETRAODONTIDAE 
Sphoeroides nephelus 
DIODONTIDAE 
Chilomycterus schoepft 


Bay and 
Hathaway West coastal 
Bridge Jetty waters 
x x 
x 
x x 
x x x 
x 
x x 
x 
x 
x 
x 
x 
x x 
x 
x 
x x 
x 
5 x x 
x 
x x x 
x 
x 
x x 
x 
x 
x x 
x 
x 
x 
x 
x 
x x x 
x 
x x x 
x 
x 
x x 
x x x 
x 
x 
x 
x x 


VARIATION IN CATCH RATES 
BY BAIT TYPE 


Intangible differences in angling experience are recog- 
nized as a source of variation in catch rates among 
anglers participating in a mixed-creel sport fishery (Cail- 
louet and Higman 1973). The anglers interviewed on the 
fixed platforms in the St. Andrew Bay system were par- 
ticularly diverse in their selection of fishing tackle and 
bait and in their method of fishing. Many of the anglers 
were visitors who had little saltwater fishing experience 
or knowledge of the available species of fishes. Most still- 
fished with dead shrimp or squid on the bottom. The ex- 
perienced anglers, in contrast, selected baits that they 
regarded as most effective in catching a particular 
species of fish. Inexperienced anglers’ catches consisted 
mostly of demersal fishes, while experienced anglers’ 
catches consisted of both demersal and pelagic fishes. 

The relative importance of bait type to angler success 
(catch rate) and bait preference of 10 species of fishes 
were investigated. According to the catch rate data, 
squid was the most effective of the eight bait types used 
by anglers on fixed platforms. The effectiveness of that 


Table 2.—Variation in catch rates of saltwater fishes caught by interviewed anglers on fixed platforms in the St. Andrew Bay system, Fla., 1973, 
hours of angling, c/h = average catch per hour.) 


by bait type and month. (hrs = 


Bait type 


particular bait may be attributed in part to its leather- 
like toughness and its appeal to pinfish, a species that 
was usually available at all the platforms. Because of its 
toughness, it is less easily removed from the hook by 
“nibblers” thus increasing fishing time by reducing the 
time spent rebaiting, although my personal observations 
and experience indicate that fresh dead shrimp will at- 
tract more species of fish at a faster rate than will squid. 
The highest average catch rate in any month (Novem- 
ber) was achieved by anglers using dead shrimp. That 
average was 4.47 fish/h (Table 2), but the catches con- 
sisted mostly of pinfish, sea catfish, and unidentified 
throwbacks. 

The experienced angler seeking spotted seatrout, a 
highly prized food and game fish, generally fished with 
either live shrimp or artificial lures. The catch rates in- 
dicate live shrimp was 3.6 times more effective than lures 
(Table 3). The comperatively fast moving pelagic fishes 
such as blue runner and crevalle jack apparently pre- 
ferred fast moving baits, as the highest catch rates were 
obtained by anglers using artificial lures. 

The fishes that were caught and the percentage com- 
position of the catch from each platform are presented in 


Fish Shrimp Artificial Fiddler 
Squid Live Dead Cut Live Dead lure crab 

Month hrs c/h hrs c/h hrs c/h hrs c/h hrs c/h hrs c/h hrs c/h hrs c/h 
Feb. 2.25 0.00 23:50, 10:51 15.00 0.00 16.00 0.12 10.00 0.10 
Mar. 13.00 0.85 0.25 0.00 — _ 4.00 0.75 4.25 0.94 31.25 1.06 19.25 0.00 15.25 0.72 
Apr. 19.00 1.42 3.50 0.86 68.75 1.64 23.25 0.26 12.75 0.24 
May 12.00 3.83 6.50 4.31 _ — 17.00 0.94 = _— 66.25 1.36 31.50 0.98 _ — 
June 30:75: 1.72, 19:50 0.51 7.50 0.00 9.50 0.10 — — 83.00 0.96 5.50 3.09 4.00 3.25 
July 52.50 1.41 — 2.25 0.44 47.75 0.67 1.50 0.00 120.75 0.69 7.50 0.27 3.00 0.00 
Aug. 82.25 1.08 18.25 0.27 2.00 0.00 151.00 0.84 19.75 0.05 = = 
Sept. 7.00 1.14 0.25 0.00 1.00 0.00 1.50 0.00 11.75 0.59 72.00 0.40 21.00 0.38 — —_ 
Oct. 34.75 112 7.25 1.10 — — 6.00 0.50 7.00 3.28 115:25: 1:29 6.00 2.50 3.50 0.00 
Nov. 15.00 1.07 3.75 0.53 5.00 2.00 21.25 1.22 25.50 1.10 21.50 4.47 42.00 2.74 10.00 0.33 
Dec. — = 0.75 0.00 — ~~ 1.00 1.00 16.50 1.82 10.25 0.88 27.25. 1.47, _ _— 
Total 268.50 41.75 15.75 126.25 92.00 755.00 219.00 58.50 
Average 1.35 1.22 1.08 0.69 1.13 1.07 1.08 0.53 


Table 3.—Average catch per hour of 10 saltwater fishes caught by interviewed anglers on fixed platforms 
in the St. Andrew Bay system, Fla., 1973, by bait type. (Hours of angling.) 


Bait type 
Fish Shrimp 

Squid Live Dead Cut Live Dead Lures 
Species (268.50) (41.75) (15.75) (126.25) (92.00) (755.50) (219.00) 
Pinfish 0.38 0.00 0.00 0.03 0.03 0.16 0.00 
Sea catfish 0.24 0.00 0.00 0.03 0.00 0.13 0.00 
Spotted seatrout 0.00 0.02 0.00 0.00 0.71 0.04 0.20 
Blue runner 0.10 0.00 0.06 0.10 0.00 0.09 0.12 
Crevalle jack 0.04 0.00 0.00 0.00 0.00 0.01 0.41 
Sand seatrout 0.00 0.00 0.00 0.09 0.00 0.06 0.00 
Atlantic croaker 0.04 0.02 0.00 0.02 0.00 0.06 0.01 
Flounder 0.01 0.14 0.00 0.02 0.00 0.00 0.11 
Tomtate 0.03 0.00 0.00 0.00 0.16 0.00 0.00 
Spadefish 0.02 0.00 0.00 0.00 0.00 0.04 0.00 


Tables 4-8. The monthly average catches per hour from 
fixed platforms are shown in Table 9. 


CATCH AND CATCH RATES 


Deer Point Dam 


At Deer Point Dam 236 interviewed anglers caught 20 
species of fishes and unidentified throwbacks (Table 4) 
in 401.0 h of angling (Table 9). In the February-Decem- 
ber period, the catch rate averaged 1.0 fish/h of angling 
and ranged from 0.0 to 10.7 fish/h by individual anglers 
(Fig. 2). 

The platform was frequently used by skilled anglers 
seeking spotted seatrout, particularly during the fall and 
early winter months. As a result of that effort, the spot- 
ted seatrout was the most commonely caught fish, amount- 
ing to 21.0% of the total catch. Pinfish and throwbacks 
comprised 39.3% of the total catch. 


Bailey Bridge 


The catch at Bailey Bridge consisted of 13 species of 
fishes (Table 5). They were caught by 99 interviewed 
anglers in 147.5 h of angling for an average catch rate 
of 1.2 fish/h in the 1l-mo period of February through 
December (Table 9). Individual catches ranged from 0.0 
to 6.5 fish/h (Fig. 2). 

Bailey Bridge, like Deer Point Dam, was a favored 
platform for spotted seatrout anglers, particularly in late 
summer through early winter. Of the fishes that were 
caught, 37.1% consisted of this species. Pinfish, sea cat- 
fish, and throwbacks comprised 36.6% of the catch. 


Hathaway Bridge 


The old Hathaway Bridge with its removed center 
span serves as two public fishing piers. Located along- 
side U.S. Route 98, it is easily found by visiting anglers. 
The majority of the interviewed anglers were thought to 
be visitors to this area. 

The catch by both resident and nonresident anglers 
consisted of 27 species of fishes (Table 6). The number of 
interviewed anglers was the highest and the average 
catch rate the lowest of the surveyed platforms. On that 
platform, 436 interviewed anglers fished 757.0 h and 
averaged 0.9 fish/h during a 10-mo period, March 
through December (Table 9). Individual catch rates 
ranged from 0.0 to 10.2 fish/h. 

Pinfish, sea catfish (usually discarded), and throw- 
backs accounted for 55.0% of the catch. The sand 
seatrout, one of the more popular fishes at the Hathaway 
Bridge, was available throughout most of the year and 
accounted for 12.6% of the total catch. 


West Jetty 


The West Jetty, accessible through St. Andrew State 
Park and by boat, is used extensively by both resident 
and nonresident anglers. Located at the inlet to St. An- 
drew Bay, the jetty provides the angler with a platform to 
fish for estuarine and oceanic fishes simultaneously. The 
rocky jetty and strong current through the inlet is the 
nemesis of the inexperienced angler, particularly those 
that attempt to fish for bottom fish. For that kind of 
fishing, a heavy weight, which is frequently fouled in the 
rocks on retrieval, is required. Many of the anglers who 


Table 4.—Monthly catch of fishes by 236 interviewed anglers at Deer Point Dam, 1973. (No anglers were present at Deer Point Dam on survey 
days during January.) 


Month (number of anglers) 


Species F(10) =M(15) —A(28) ~=M(13) —_-J(32) 


Spotted seatrout 6 3 16 
Pinfish uf 8 14 
Throwback* 1 8 3 
Sea catfish 2 1 3 
Bluegill 27 
Silver perch 11 
Spot 11 
Blue runner 
Atlantic croaker 2 
Crevalle jack 
Pigfish 1 
Black drum 2 
Gray snapper 
Red drum 1 
Leatherjacket 1 1 
Sheepshead 1 
Redear sunfish 1 
Gafftopsail catfish 
Sand seatrout 
Needlefish* 
Moray* ‘ 

Total 1 7 65 27 61 


we bw wo 
noun 


*Species unknown. 


J(28) A(21) S(13) O(20) N(28) —D(28) Sum Percent 
2 i} 1 24 29 88 21.0 
31 19 8 87 20.7 
22 2 6 5 6 78 18.6 
26 9 13 54 12.8 
27 6.4 
1 21 5.0 
18 4.3 
10 2.4 
2 1 9 2.2 
2 5 7 1.7 
2 1 4 1.0 
1 3 0.7 
1 1 1 &} 0.7 
1 2 0.5 
2 0.5 
1 0.2 
1 0.2 
1 1 0.2 
1 1 0.2 
1 1 0.2 
1 1 0.2 
56 31 9 59 52 51 419 99.9 
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Figure 2.—Monthly range and average catch per hour of fishes by anglers on fixed platforms and charter 
boats in St. Andrew Bay system, Fla., and adjacent coastal waters, 1973. 


were questioned about their fishing activity were not in- 
cluded in this survey, because most of their effort was 
spent replacing terminal tackle lost in the rocks. 

The largest number (31) of species of food and game 
fishes that were caught from all platforms was available 
at the jetty (Table 7). The highest average catch rate 
from all platforms was also at the jetty. In the period 
February-December, an average catch rate of 1.3 fish/h 
was achieved by 419 fishermen in 748.0 h of angling 
(Table 9). The average catch rate for individuals ranged 
from 0.0 to 10.0 fish/h (Fig. 2). 


Charter Boats 


Charter boat anglers used similar tackle, baits, and 
fishing methods. Most trolled four lines, two weighted 
and two unweighted, irrespective of the number of 
anglers onboard. A 00-squid spoon or a similar spoon was 
commonly used for Spanish mackerel, and tandem rigs 
consisting of three 5/0-hooks baited with a whole round 
scad were standard for king mackerel. Because of the 
high degree of standardization, the catch and effort could 
be averaged (Ricker 1958) to derive meaningful indices of 


Table 5.—Monthly catch of fishes by 99 interviewed anglers at Bailey Bridge, 1973. (No anglers were present at Bailey Bridge on survey days 
during January.) 


Month (number of anglers) 


Species F(7) = M(11)__A(4) M(2) J(8) J(14) -A(14)_—S(5) O(6) N(19)  D(9) Sum Percent 
Spotted seatrout 6 7 5 7 10 30 65 37.1 
Throwback* 1 29 6 3 39 22.3 
Pinfish 3 1 11 15 8.6 
Sea catfish 1 1 2 5 1 10 5.7 
Sheepshead 5 2 3 10 5.7 
Black drum 9 9 5.1 
Atlantic croaker 8 1 9 5.1 
Silver perch 3 3 1 7 4.0 
Sand seatrout 6 6 3.4 
Pigfish 1 1 0.6 
Gafftopsail catfish 1 1 0.6 
Crevalle jack 1 1 0.6 
Hammerhead* 1 1 0.6 
Gulf toadfish 1 1 0.6 
Total 6 5 5 5 17 2 41 5 23 35 31 175 110.0 


*Species unknown. 
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Table 6.—Monthly catch of fishes by 436 interviewed anglers at Hathaway Bridge, 1973. (No anglers were present on Hathaway Bridge on survey 
days during January and February.) 


Month (number of anglers) 


Species M(15) A(30)  M(36) J(29)  J(115) (85) 8(37) O(53) = N(34) D(2) Sum Percent 
Throwback* 24 27 50 40 2 7 8 1 157 22.8 
Sea catfish 3 5 5 15 62 16 14 2 122 17.5 
Pinfish 2 17 3 3. ig) 30 30 102 14.6 
-Sand seatrout 8 4 1 3 3 46 23 88 12.6 
Blue runner 42 19 3 1 10 5 80 11.5 
Atlantic spadefish 8 27, 35 5.0 
Sand perch 6 10 16 2.3 
Pigfish 2 13 15 212 
Spanish mackerel 1 11 12 1.7 
Atlantic croaker 1 1 2 4 1 ts) 1.3 
Spotted seatrout 9 9) 1.3 
Moray* 1 1 4 2 8 il 
Crevalle jack 7 7 1.0 
Silver perch 2 3 5 0.7 
Gray triggerfish 1 4 5 0.7 
Southern puffer 4 1 5 0.7 
Gafftopsail catfish 2 1 3 0.4 
Little tunny 1 2 3 0.4 
Striped burrfish 1 1 2 0.3 
Seabass* 2 2 0.3 
Stingray* 2} 2 0.3 
Gray snapper 1 1 0.1 
Planehead filefish 1 1 0.1 
Horseye jack 1 1 0.1 
Shark* 1 1 0.1 
Gulf toadfish 1 1 0.1 
Scrawled cowfish 1 1 0.1 
Flounder* 1 1 0.1 
Total 38 18 89 42 77 149 27 137 116 3 696 99.4 


*Species unknown. 


the availability of Spanish and king mackerel to charter 
boat anglers. 

Anglers on 125 charter boats caught 19 species of fishes 
(Table 8). The major fishing was devoted to king 
mackerel, and that fish comprised the greatest propor- 
tion of the catch (73.9%). Six species of fishes comprised 
93.4% of the total catch. In addition to king mackerel, 
they were: dolphin (5.9%), Spanish mackerel (5.0%), lit- 
tle tunny (3.6%), blue runner (3.0%), and bluefish 
(2.0%). The greatest number of species of fishes was 
caught in May (12), June (11), and July (11). Only the 
Spanish mackerel was caught in March and the king 
mackerel in November. 

The Spanish mackerel is usually among the first 
pelagic fishes to appear in local waters in the spring. In 

_ 1973, the first catch was on 16 March. During the period 
16-30 March, the catch rates showed considerable 
variability among the boats. Catch rates of 0.0 to 16.0 
fish/h were made by individual boats. The average for all 
boats was 3.7 fish/h (Fig. 2). Through the period 4-17 
April the catches were less variable with ranges of 0.5 to 
2.9 fish/h. The average for all boats was 1.1 fish/h, which 
suggests a 70% decline in available fish from the 16-30 
March period. 

The first catch of king mackerel in coastal waters off 
St. Andrew Bay was on 24 April and the last on 15 
November. The dates more accurately reflect the begin- 
ning and the end of the fishing season rather than the ar- 


rival and departure of the fish. An occasional report was 
received of a catch of king mackerel prior to 24 April and 
after 15 November. Unfavorable weather and sea con- 
ditions often limit charter boat fishing trips into coastal 
waters in early spring and winter. The reluctance of char- 
ter boatmen to pursue a particular fish for their clients 
unless reasonably assured of the availability of fish is 
also an important factor. In season, 21% of the surveyed 
charter boats failed to catch a king mackerel in May, 4% 
failed in June, 14% failed in July, and 13% failed in 
August; none failed to catch one or more in late April, . 
September, October, and early November. 

According to the catch rate data, king mackerel in- 
creased in availability from an average of 1.0 fish caught 
per hour trolling in late April to 10.2 fish/h through Sep- 
tember (Fig. 2). In September, the average catch rate for 
individual boats ranged from 7.1 to 17.5 fish/h. From the 
September high the catch rate declined rapidly to an 
average of 4.8 in October and to 3.8 in early November. 
The charter boat fishing season ended by mid-Novem- 
ber because of cold weather, rough sea, and lack of 
clients. 


DISCUSSION 


On-site interviews are acknowledged as being the most 
reliable method of obtaining angler’s catch and catch 
rates. Bias due to recall, vanity, and other reasons are 


Table 7.—Monthly catch of fishes by 419 interviewed anglers at West Jetty, 1973. (No anglers were present at West Jetty on survey days during 
January.) 


Month (number of anglers) 


Species F(24) = M(22) A(44) =M(25) —_—-J(36) J(53) A(44) —-S(29) = O(85) = N(44) ~—- D(18) Sum Percent 
Throwback* 67 76 29 99 22 14 47 10 364 36.8 
Crevalle jack il 1 33 91 3 129 13.1 f 
Pinfish 4 1 7 14 28 4 32 5 95 916 8 
Flounder* 1 1 3 25 20 8 58 5.9 
Blue runner 13 21 13 6 1 54 5.5 
Atlantic croaker 48 4 52 5.3 
Tomtate 8 19 7 5 39 4.0 
Sea catfish 15 1 6 1 1 24 2.4 
Inshore lizardfish 4 18 22 2.2 
Little tunny 1 16 1 18 1.8 
Spanish mackerel 1 2. 1 3 10 17 1.7 
Mullet* 16 16 1.6 ay 
Gray snapper 1 2 8 2 13 is} 
Pigfish 1 3 2 4 2 1 13 1.3 
Sheepshead 6 6 1 13 1.3 
Spot 10 10 1.0 
Gag grouper 1 6 2 9 0.9 
Florida pompano 4 3 7 0.7 
Bluefish 1 2 2 1 6 0.6 
Sea robin* 4 0.4 
Stingray* 2 2 4 0.4 
Gray triggerfish 1 2 3 0.3 
Vermilion snapper 1 2 3 0.375 J 
Leatherjacket 3 3 0.3 
Black drum 1 1 2 0.2 
Spotted seatrout 1 if 2 0.2 
Parrotfish* il 1 2 0:2 
Needlefish* 1 1 2 0.2 ' 
Shark* 1 1 Om 
Atlantic spadefish 1 1 0.1 
Striped burrfish i 1 Oe 
Seabass* 1 1 0.1 
Total 8 16 108 106 77 133 74 28 232 163 43 988 99.9 
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Table 8.—Monthly catch of fishes by anglers on 125 charter boats, 1973. (No charter boats fished on survey days during January, 
February, and December.) 


Month (number of charter boats) } 


Species M(6) A(13) = M(14) J(24) J(14) A(31) S(7) O(12) N(4) Sum Percent 
King mackerel 25 79 235 172 299 258 266 9 1,343 73.9 
Dolphin 56 36 3 12 1 108 5.9 
Spanish mackerel 61 26 4 1 92 5.0 | 
Little tunny 5 13 6 36 4 1 65 3.6 } 
Blue runner 8 43 1 3 55 3.0 
Bluefish 38 38 2.0 
Amberjack* 27 7 34 1.8 
Gray triggerfish 12 14 1 4 31 teal 
Ladyfish 9 9 0.5 
Cobia 1 1 4 2 8 0.4 
Great barracuda 3 1 3 7 0.4 
Gag grouper 4 3 7 0.4 
Crevalle jack 3 1 1 1 6 0.3 
Shark* 3 2 5 0.3 
Red drum 3 3 0.2 
Wahoo 1 1 <0.1 
Sailfish 1 1 <0.1 
Sand perch 1 il <0.1 
Sea catfish 1 1 <0.1 
Inshore lizardfish 1 1 <0.1 
Atlantic cutlassfish 1 1 <0.1 
Total 61 55 192 350 229 383 267 271 9 1,817 100.0 


“Species unknown. 


Table 9.—Monthly average catch per hour (c/h) of fishes by interviewed anglers on fixed platforms in St. Andrew Bay system, Fla., 1973. (No 
anglers were observed on fixed platforms in January or on Hathaway Bridge in February.) 


Deer Point Dam Bailey Bridge Hathaway Bridge West Jetty 
No. of Hours Average No. of Hours Average No. of Hours Average No. of Hours Average 

Month anglers fishes c/h anglers fished c/h anglers fished c/h anglers fished c/h 
Feb. 10 13.25 0.08 7 8.50 0.71 24 48.50 0.16 
Mar. 15 27.25 0.26 ll 15.25 0.33 15 22.00 1.73 22 28.75 0.56 
Apr. 28 57.75 1.12 4 15.50 0.32 30 26.75 0.67 44 83.50 1.29 
May 1 16.50 1.64 2 4.50 1.11 36 73.75 1.21 25 45.00 2.36 
June 32 58.50 1.04 8 12.25 1.39 29 48.00 0.88 36 65.25 1.18 
July 28 50.75 1.10 14 14.25 0.14 115 133.00 0.58 53 74.75 1.78 
Aug. 21 44.00 0.70 14 21.75 1.89 85 203.00 0.73 44 79.75 0.93 
Sept. 12.75 0.71 5 7.25 0.69 37 71.00 0.38 29 21.75 1.29 
Oct. 20 34.50 1.71 6 10.50 2.19 53 112.25 1.22 85 181.25 1.28 
Nov. 28 46.50 1.12 19 20.50 eel 34 64.50 1.80 44 84.25 1.93 
Dec. 28 39.25 1.30 9 17.25 1.80 2 1.75 1.71 13 35.25 1.22 
Total 236 401.00 99 147.50 436 756.00 419 748.00 

Average 1.04 1.19 0.92 1.32 


minimized. Such data may or may not provide an ac- 
curate measure of the availability of fishes, however. 
Several factors affect angling success. Among those are 
the species that are sought, fishing location, bait 
(method), and angling effort. 

In 2,053.5 h of angling from fixed platforms in the St. 
Andrew Bay system, at least 55 species of fishes were 
caught by the interviewed anglers. Other food or game 
fish known to occur in the system were not caught. The 
tarpon (Megalops atlantica), red snapper (Lutjanus 
campechanus), and snook (Centropomus sp.) are ex- 
amples. Those fishes are not believed to be abundant, 
but an occasional catch would be expected. Perhaps, 
more importantly, none of the interviewed anglers were 
aware of their presence or directed their efforts specifical- 
ly for them. 

The caught fishes were not distributed equally 
‘throughout the study area, judging from the percentage 
composition and number of species landed from each 
platform. The spotted seatrout appeared to be available 
in greater number at Deer Point Dam than at the other 
locations. The percentage of the total catch was 21.0% at 
Deer Point Dam, 0.2% at West Jetty, and 0.0% in coastal 
waters. In contrast, the crevalle jack comprised 0.3% of 
the catch in coastal waters, 13.1% at West Jetty, and 
1.6% at Deer Point Dam. All dolphin, amberjack, great 
barracuda, wahoo, and Atlantic cutlassfish were caught 
in coastal waters, and all tomtate and gray and ver- 
milion snappers were caught at the West Jetty. 

The catch rates also differed by bait type. The highest 
average catch rate achieved by all anglers on fixed plat- 
forms for all months was with dead squid (1.4 fish/h), 
closely followed by live bait fish (1.2 fish/h), live shrimp 
(1.1 fish/h), and dead shrimp (1.1 fish/h). The average 
catch rate with cut fish and fiddler crabs was 51% and 
39%, respectively, of that achieved with dead squid. 

According to the data on bait preference, significantly 
higher catch rates could have been obtained by using the 
bait preferred by available fishes. The highest average 
catch rate for spotted seatrout, for example, was 0.7 


fish/h with live shrimp. That rate was 3.6 times greater 
than with lures and 17.8 times greater than with dead 
shrimp. The highest average catch rate for crevalle jacks 
was with lures. That rate, 0.4 fish/h, was 10.2 times 
greater than with squid, the next most effective bait. 

It seems apparent that the catch and catch rates ob- 
tained by this creel census are of limited value for in- 
dexing the availability of fishes to anglers on fixed plat- 
forms. The data do provide a general measure of species 
availability and angling success by a diverse group of 
anglers that probably constitute the majority of all 
anglers. The catch rates of Spanish and king mackerels 
by charter boat anglers, however, are viewed as reliable 
measures of their availability and relative abundance. 
The reliability resulted from the selection of a sample of 
anglers having considerable experience angling for those 
fishes. The captains and mates on those boats are, of 
course, professional anglers; their fishing methods are 
similar and their effort competitive. 
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Expendable Bathythermograph.Observations From 
the NMFS/MARAD Ship of Opportunity Program 
for 1974 


STEVEN K. COOK and KEITH A. HAUSKNECHT' 


ABSTRACT 


Results of the fourth year of operation of the NMFS/MARAD Ship of Opportunity Program 
(SOOP) are presented in the form of vertical distributions of temperature and horizontal dis- 
tributions of sea surface temperature and salinity. Operational and data management procedures also 
are discussed. Included are descriptive analyses of the most dynamic transects showing the Yucatan, 
Loop, Florida, and Gulf Stream currents and related eddies. Also, characteristics of the cold cell of 
bottom water on the Atlantic continental shelf are discussed. 


INTRODUCTION 


In midyear of 1970 a cooperative expendable bathy- 
thermograph (XBT) program was initiated between the 
National Marine Fisheries Service (NMFS) and the 
Maritime Administration (MARAD) of the U.S. Depart- 
ment of Commerce (Cook 1973, 1975, 1976). The 
program, conducted in support of the Marine Resources 
Monitoring Assessment and Prediction Program (MAR- 
MAP) of the NMFS, involved the use of maritime cadets 
from the Kings Point Maritime Academy to collect XBT 
data on board merchant ships operating along the east 
and Gulf coasts of the United States. The objective of 
this cooperative program was to identify and describe 
seasonal and year-to-year variations of temperature and 
circulation in the major current regimes of the western 
tropical Atlantic, Caribbean Sea, Gulf of Mexico, and 
western North Atlantic, utilizing merchant ships as 
relatively inexpensive platforms for the collection of 
data. 


AREAS OF STUDY 


Ship routes were selected to obtain regular sampling in 
the most dynamic areas of the Gulf of Mexico and 
western North Atlantic. The features of principal in- 
terest were the Yucatan Current, Loop Current, Florida 
Current, Gulf Stream, Shelf Water-Slope Water front, 
and a cold-water cell in the Middle Atlantic Bight. 


DATA ACQUISITION AND PROCESSING 


The Ship of Opportunity effort for 1974 consisted of a 
total of 34 cruises—18 sailing from New Orleans, 12 from 
New York, and 4 from Norfolk. Fifty-three transects of 
subsurface temperature observations and associated sur- 
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face data were obtained. A total of 739 XBT’s were 
launched; of these 514 (70%) were considered of suf- 
ficient quality to be incorporated into the transects 
presented. 

Subsurface temperature data were obtained by use of 
Sippican XBT systems. At the same time, surface water 
samples were collected with bucket thermometers for 
salinity determination ashore using a Beckman induc- 
tive salinometer calibrated with standard (Copenhagen) 
water at least once every 30 samples. 

The XBT traces were submitted to the National 
Oceanographic Data Center (NODC) where they were 
digitized, key punched, and quality controlled. Finally, 
these processed data were listed in printout form and 
machine plotted. The plots produced by NODC were es- 
sentially camera-ready and needed little hand cor- 
recting. The few corrections necessary were made by dis- 
carding anomalous XBT observations that could not be 
supported by other associated data such as sea surface 
temperature or other nearby XBT observations. Con- 
sequently a vertical section plot may have one or two 
missing observations, resulting from the deletion of inac- 
curate subsurface data. 


The fourth year of operation of the NMFS/MARAD 
Ship of Opportunity Program (SOOP) was enhanced by 
the inclusion of Coast Guard cutters as ships of oppor- 
tunity. The Coast Guard cutters that occupy Ocean 
Weather Station HOTEL (OWSH) (lat. 37°N, long. 
71°W) began taking hourly XBT observations between 
Norfolk, Va., and OWSH in August. This transect was 
occupied monthly while OWSH was being maintained, 
usually from August through April. We plan to resume 
this section when OWSH is again occupied. 

Approximately 225 XBT drops and associated surface 
data are not included because the observations were 
much too widely separated in time and space to be useful 
in the analysis. All data collected were archived by the 
NODC and are available to interested persons through 
the NODC, Washington, D.C. 20235. 


Further details concerning the acquisition or process- 
ing of data from the cruises considered here can be ob- 
tained from the authors. 

For purposes of this report all descriptive figures have 
been included within the text and all vertical tem- 
perature sections have been organized geographically 
and chronologically and included as Appendix Figures. 


TRANSECT ANALYSIS 


Gulf of Mexico 
(Fig. 1, Appendix Figs. 1-16) 


Loop Current.—In 1974 the Loop Current was crossed 
on seven occasions (Table 1) by SOOP ships. There were 
two crossings in March (Appendix Figs. 1, 2), one in 
April (Appendix Fig. 3), two in May (Appendix Figs. 4, 
5), and one each in June (Appendix Fig. 6) and July (Ap- 
pendix Fig. 8). 

Utilizing 20°C at 125 m as the left edge of the Loop 
Current (G. A. Maul, pers. commun.), the position of the 
front can be monitored from XBT data. Most mi- 
grations of the Loop Current edge ranged between lat. 
22°N and 24°N. Movements of more than 1° of latitude 
in less than 2 wk were not uncommon. One migration of 
about 90 nautical miles (167 km) occurred within 9 days, 
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Figure 1.—Composite plot of Gulf of Mexico eddy positions. 


Table 1.—Crossings of the Loop Current made by SOOP vessels in 


1974. 
Appendix Station 
figure Ship no. Date 
1 Delta Sud 20-23 8-9 Mar. 
2 Delta Norte 11-15 21-23 Mar. 
3 Delta Sud 28-31 15-17 Apr. 
4 Delta Sud 40-32 21 May 
5 Delta Sud 22-24 27-29 May 
6 Delta Sud 9-2 28-29 June 
8 Delta Sud 17-20 7-8 July 


between 28 June (Appendix Fig. 6) and 7 July (Appen- 
dix Fig. 8). 

The Loop Current was crossed by the Delta Sud on 9 
March at lat. 23°15'N at station 23 (Appendix Fig. 1). 
Again on 23 March at lat. 22°30'N the Delta Norte cross- 
ed the Loop Current between stations 12 and 13 (Appen- 
dix Fig. 2). 

In April (Appendix Fig. 3) a crossing of the Loop Cur- 
rent by the Delta Sud determined the front to be at lat. 
22°N. 

In May (Appendix Fig. 4) the Loop Current appeared 
as a broad flowing current between stations 40 and 32. At 
this time the front’s position had intruded up to lat. 
24°N. Again in May (Appendix Fig. 5), the Delta Sud 
crossed the Loop Current between stations 22 and 24. At 
that time the front had receded back to lat. 23°N. 

In June (Appendix Fig. 6) the Loop Current again ap- 
peared as a broad flow between stations 9 and 2. The 
main front (20°C and 125 m) showed up between stations 
7 and 8 at about lat. 24°N. Also present at this time was 
a counterflow around Cuba that showed up between 
stations 1 and 2. 

In July (Appendix Fig. 8), the Loop Current was cross- 
ed at lat. 22°30'N between stations 17 and 18. 


Eddies.—In 1974 the SOOP ships in the Gulf of Mex- 
ico crossed eddies most of which were anticyclonic with 
warm-cores on 19 occasions (Table 2). Eddies were cross- 
ed in March through August and November (Appendix 
Figs. 1-7, 9-14). The diameters of these eddies where 
crossed ranged from about 75 nautical miles (138 km) to 
335 nautical miles (621 km) and ranged in depth from 
200 to 700 m. Some eddies were crossed more than.once. 
One anticyclonic eddy (Appendix Figs. 4, 7, 9) in par- 
ticular was easy to track because it had a subsurface sig- 
nature in the form of a peak in the 26° isotherm that was 
opposite to the rest of the isotherms. This peak also hap- 
pened to occur at the center of the eddy. This eddy was 
crossed on 21 May (Appendix Fig. 4), 7 July (Appendix 
Fig. 7), and 21 July (Appendix Fig. 9) and migrated in 
position from lat. 26°24'N, long. 87°52’W (Appendix Fig. 
4) to lat. 24°55’N, long. 88°55'W (Appendix Fig. 7) to 
lat. 25°26'N, long. 89°44'W (Appendix Fig. 9). On all 
crossings the eddy structure extended to depths of 
greater than 600 m. The eddy moved 140 nautical miles 
(259 km) in 2 mo in a southwesterly direction or about 2.3 
nautical miles (4.3 km)/day (Fig. 1). 


Low salinity surface water.—River runoff along the 
Gulf coast, which forms a plume detectable by low sur- 
face salinities (<34.5°/.,,), sometimes extended great 
distances offshore (well beyond the shelf break). Nine 
transects of low salinity water were detected in 1974 
(Table 3). Crossings in March, April, May, June, July, 
and August (Appendix Figs. 1, 3, 4, 6, 7, 9-12) showed 
large variations in salinity ranges and horizontal extent. 

At times the extent of the low salinity surface waters in 
the eastern Gulf of Mexico seemed to be controlled by the 
northward migrations of either eddies or the Loop Cur- 


Table 2.—Location and characteristics of eddies transected in the Gulf of Mexico by SOOP vessels in 1974. 


Appen- Station 
dix Station coordinates Depth Diameter 
figure Ship no. (lat., long.) Date (m) nm (km) 
1 Delta Sud 12 26°56'N, 91°33’W 8-9 Mar. > 500 170 (315) 
16 25°08'N, 89°21'W > 500 170 (315) 
17 24°56'N, 89°05'W > 500 120 (222) 
20 23°40'N, 87°32'W > 500 120 (222) 
2 Delta Norte 1 27°52'N, 92°51'W 21-23 Mar. > 600 200 (370) 
5 25°09'N, 89°47'W >600 200 (370) 
6 24°50'N, 89°28’W > 700 175 (324) 
11 22°55'N, 87°05'W > 700 175 (324) 
3 Delta Sud 11 27°01'N, 91°51'W 15-17 Apr. > 600 95 (176) 
16 26°00'N, 90°29'W >600 95 (176) 
16 26°00'N, 90°29'W > 600 290 (537) 
28 22°46'N, 86°30'W >600 290 (537) 
4 Delta Sud 40 24°29'N, 86°51'W 21 May 600 245 (453) 
49 28°09'N, 88°48'W 600 245 (453) 
5 Delta Sud 4 27°28'N, 92°16'W 27-29 May >600 120 (222) 
9 26°10'N, 90°48’'W > 600 120 (222) 
9 26°10'N, 90°48'W > 600 300 (556) 
22 23°10'N, 86°55'W > 600 300 (556) 
6 Delta Sud 9 25°41'N, 87°08’W 28-29 June >500 175 (324) 
17 28°08'N, 88°52’W > 500 175 (324) 
7 Delta Sud 4 27°17'N, 91°44'W 6-7 July > 600 335 (621) 
14 23°30'N, 87°18'W > 600 335 (621) 
9 Delta Norte 8 27°48'N, 92°44’W 20-21 July > 600 140 (259) 
13 26°17'N, 90°54'W > 600 140 (259) 
13 26°17'N, 90°54'W > 700 195 (361) 
22 24°17'N, 88°17'W > 700 195 (361) 
10 Mayaguez 1 29°01'N, 88°44'W 17-18 Aug. > 600 165 (306) 
Nf 27°22'N, 86°41'W > 600 165 (306) 
11 Mayaguez 19 24°24'N, 82°39’W 25-26 Aug. > 700 240 (445) 
24 26°54'N, 85°53’W > 700 240 (445) 
12 Mayaguez 1 28°44'N, 88°26’W 28-29 Aug. > 600 140 (259) 
6 27°19'N, 86°27'W > 600 140 (259) 
6 27°19'N, 86°27'W > 200 150 (278) 
9 25°37'N, 84°22’W > 200 150 (278) 
13 Delta Sud 19 25°37'N, 87°33’W 2 Nov. >600 '75 (139) 
13 26°42'N, 88°06'W > 600 '75 (139) 
14 Delta Sud 21 27°36'N, 87°36'W 6 Nov. >600 160 (296) 
26 26°07'N, 85°21'W > 600 160 (296) 


‘Only about one-half of this eddy was transected. 


Table 3.—Low salinity (< 34.5°/,.) coastal water encountered by SOOP vessels in 
the northern Gulf of Mexico in 1974. 


Water depth 

Appen- at Offshore 

dix Station seaward edge extent 
figure Ship Date no. (m) nm (km) 
1 Delta Sud 8-9 Mar. 2-4 82 50 ( 93) 
3 Delta Sud 15-17 Apr. 1-4 38 70 (130) 
4 Delta Sud 21 May 49-51 124 70 (130) 
6 Delta Sud 28-29 June 16-18 > 500 90 (167) 
tf Delta Sud 6-7 July 1-3 144 195 (361) 
9 Delta Norte 20-21 July 1-11 > 800 230 (426) 
10 Mayaguez 17-18 Aug. 1-3 > 800 85 (157) 
ul Mayaguez 25-26 Aug. 25-27 > 300 210 (389) 
12 Mayaguez 28-29 Aug. 1-6 > 800 200 (371) 


rent itself. The offshore extent of the low salinity surface 
water shown in Appendix Figures 4, 7, and 9 apparently 
was blocked by the presence of one particular anticy- 
clonic eddy. The southwestward migration of this eddy 


(as discussed above) removed the block and allowed the 
plume to extend farther offshore. In some instances the 
low salinity surface waters were entrained into the eddy 
structure (Appendix Figs. 6, 9, 10, 12). In most cases 


when this occurred the low salinity water appeared on 
only the northern side of the eddy. Peaks in the surface 
salinity (Appendix Figs. 4, 9, 11, 12) indicate the in- 
stances where low salinity water was transected, exited, 
and then transected again, which we interpreted as low 
salinity surface waters being entrained by the leading 
edges of eddies. The interaction of coastal water with ed- 
dies probably is a significant mechanism for the mixing 
of the less saline coastal waters with the more saline 
oceanic waters in the Gulf of Mexico. 


Western Atlantic Transects 
(Figs. 2-10 and Appendix Figs. 17-35) 


Specific features that were monitored in the western 
North Atlantic by the program were the position of the 
Gulf Stream, variations in temperature and position of 
the bottom water cold cell on the continental shelf, posi- 
tion of the Shelf Water-Slope Water front, and eddies 
formed from the Gulf Stream. Where data were available 
and observations were close enough in time to permit 
comparison, correlations were made with the National 
Environmental Satellite Service (NESS) Experimental 
Gulf Stream Analysis (N-69) charts and The Gulf 
Stream Monthly Summary which show the positions of 
the Gulf Stream and associated features. 


Characteristics of the bottom water cold cell.—In 
his discussion of temperature patterns in continental 
shelf water, Bigelow (1933) described a core of cold bot- 
tom water that extended from south of Long Island to the 
mouth of the Chesapeake and was evident throughout 
the summer months. According to Bigelow, this core was 
surrounded entirely by warmer water and could receive 
no replenishment during the summer; thus, he con- 
cluded it was formed in wintertime and then persisted 
throughout the year. Further descriptions of this cold cell 
have been given by Ketchum and Corwin (1964) and 
Whitcomb (1970). The data which are presented here 
show the formation, structure, and modification of this 
cell during 1974. 

Nine observations of the cold cell were made by SOOP 
vessels in 1974 (summarized in Table 4). For purposes of 
discussion, the observations have been grouped into 


three separate geographic areas, chosen because they 
represent regularly scheduled merchant ship cruise 
tracks. These tracks have been designated as the MOR- 
MAC transect (Fig. 2), Santa Cruz transect (Fig. 3), and 
HOTEL transect (Fig. 4). The MORMAC transect is the 
cruise track used by Moore McCormack Line ships and 
closely follows a line between New York and Bermuda. 
The Santa Cruz transect extends from New York to Cape 
Hatteras, approximately along long. 74°W. The HOTEL 
transect is the cruise track used by Coast Guard cutters 
operating between Norfolk and OWSH. In the following 
discussion, the seasonal characteristics and variations in 
the cold cell temperature and position along each tran- 
sect are summarized. 

The temperature structure of water on the continental 
shelf during February (Appendix Fig. 17) should be con- 
sidered, because the cold cell was formed from these 
waters and the minimum temperature that could be at- 
tained in the cell was dependent upon conditions during 
the winter months. At this time, cold water (7°-12°C) ex- 
tended from surface to bottom on the shelf and the struc- 
ture of the cell had not yet been established by stratifica- 
tion. 

Along the MORMAC transect, the first evidence that 
the cell had formed was obtained on 6 May (Appendix 
Fig. 21). The characteristic shape of the cell was shown 
by the outline of the 11°C isotherm in shelf waters. 
Within this “cell-like” structure, temperatures ranged 
from less than 9° to 11°C and the cell extended from a 
minimum bottom depth of 20 m to a maximum of 38 m. 
The horizontal extent was 65 nautical miles (120 km) and 
the cell was approximately 20 m thick at the center. 
When next observed on 14 August (Appendix Fig. 25), 
temperatures in the cell ranged from less than 9° to 13°C 
and the bottom depth range of 40-55 m indicated that the 
cell was migrating into deeper water. The last obser- 
vation was made on 3 October (Appendix Fig. 30). By 
this time, temperatures had warmed to 14°C in the outer 
edges of the cell and it had moved over the shelf break. 
The depth range extended from 34 to 99 m. These 
changes in temperature and depth are summarized in 
Figure 2. 

Along the Santa Cruz transect the earliest obser- 
vation of the cold cell was made on 6 May (Appendix Fig. 


Table 4.—Characteristics of the bottom water cold cell detected by SOOP vessels in 1974. 


Minimum Maximum Depth Approximate Tempera- 
Appen- bottom bottom at thickness ture Horizontal 
Tran- dix depth depth center at center range extent 
sect Ship Date figure (m) (m) (m) (m) (°C) nm (km) 
A Santa Cruz 6 May 20 28 41 35 18 < 8-9 68 (126) 
B Mormac Argo 5-6 May 21 20 38 29 20 <9-11 65 (120) 
Cc Santa Cruz 11-12 June 23 32 49 45 23 <9-13 100 (185) 
D Mormac Rigel 14 Aug. 25 40 55 50 23 <9-13 53 ( 98) 
E Santa Cruz 3-4 Sept. 27 45 70 50 19 <9-14 90 (167) 
F USCGC Taney 29-30 Sept. 28 40 55 50 15 < 12-15 15 ( 28) 
G Export Defender 1 Oct. 29 40 63 60 22 <12-16 29 ( 54) 
H Mormac Rigel 3 Oct. 30 34 99 7 30 <11-14 110 (203) 
I Santa Cruz 9-10 Oct. 31 45 70 50 20 <12-14 75 (139) 
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Figure 2.—Variations in cold cell temperature and depth along the MORMAC transect—May, 
August, and October of 1974. 
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Figure 3.—Variations in cold cell temperature and depth along the Santa Cruz transect— 
May, June, September, and October of 1974. 


20). Temperatures in the cell ranged from less than 8° to 
9°C. The horizontal extent was 68 nautical miles (126 
km) and the cell ranged from 28 to 41 m in bottom depth 
with a thickness of about 18 m at the center. By 11-12 
June (Appendix Fig. 23) the outer fringes of the cell had 
warmed to 13°C and water with temperatures from 10° 
to 13°C had begun to move seaward over the shelf break. 
The bottom depth range at this time was 32-49 m. 
Within the cell, two separate parcels of water (< 9°C) 
were present between stations 26 and 30. On 3-4 Sep- 
tember (Appendix Fig. 27) temperatures in the cell were 
in the 9°-14°C range and part of the cell had moved over 
the shelf break and extended to a depth of 70 m. The ton- 
guelike shape of the 13° and 14°C isotherms showed the 
initial stages of a process called ‘“‘calving’”’ by Cresswell 
(1967) whereby a parcel of water separates from the 
parent mass and moves seaward. During 9-10 October 
(Appendix Fig. 31) the calving process was detected in an 
advanced stage. A mass of water with temperatures rang- 
ing from 12° to 14°C had separated from the cell on the 


shelf and was moving seaward over the shelf break. At 
this time, the cell extended to a maximum bottom depth 
of 70 m. These changes in temperature and depth are 
summarized in Figure 3. 

Only two observations of the cold cell were made along 
the HOTEL transect, and these were closely spaced in 
time—29-30 September (Appendix Fig. 28) and 1 Oc- 
tober (Appendix Fig. 29). Appendix Figure 28 shows tem- 
peratures ranging from less than 12° to 15°C in the cell 
over a bottom depth range of 40-55 m. The horizontal ex- 
tent was only 15 nautical miles (28 km). Slightly further 
south, the temperatures ranged from less than 12° to 16° 
over a bottom depth range of 40-63 m (Appendix Fig. 29). 
Here the horizontal extent was 29 nautical miles (54 km). 
The changes in temperature and depth are summarized 
in Figure 4. 

Several generalizations can be made from a composite 
plot of the changes in cold cell temperature and depth 
with Figure 5. Minimum temperatures within the cell 
remained low (8°-9°C) throughout the summer and 
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Figure 4.—Variations in cold cell temperature and depth along the HOTEL transect—September 
and October of 1974. 
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Figure 5.—Composite plot of cold cell temperature and depth—May, June, August, Sep- 
tember, and October of 1974. 


elevated temperatures were not observed until the end of 
September. The cold water was found in relatively shal- 
low depths (20-40 m) in the spring, but as warming of 
shelf waters increased during the summer, the cell moved 
into deeper water. Observations made in the fall also in- 
dicated that the cell covered a greater depth range than 
in the spring. There seemed to be an increase in the 
minimum cell temperature from north to south, but 
there were not sufficient data to separate geographic 
variations from those caused by seasonal changes. A 
more detailed analysis would require more frequent ob- 
servations made at regular intervals. 


Gulf Stream.—Considerable attention has been focus- 
ed on fluctuations in the position of the Gulf Stream. In 
addition to shipboard observations of temperature and 
salinity, satellite and aircraft observations of surface 
temperature are being used to differentiate between 
water masses. Because the SOOP transects intersect the 
Gulf Stream at discrete points with considerable spatial 


and temporal separation, complete coverage of the Gulf 
Stream and associated features by this means is impos- 
sible. However, when correlated with the satellite obser- 
vations the transect data provide a source of ground 
truth for the remote sensors, as well as valuable subsur- 
face information for investigators involved in study of the 
Gulf Stream system and other water masses. 

During 1974, SOOP transects crossed the Gulf Stream 
12 times. These crossings are summarized in Figures 6-9 
and Table 5. Gulf Stream crossings were identified by 
the strong horizontal gradients shown on vertical tem- 
perature sections and positions of the North Wall were 
determined by using the 15°C isotherm at 200 m 
(Worthington 1964). 

Both The Gulf Stream Monthly Summary and the 
NESS Experimental Gulf Stream Analysis (N-69) charts 
provide information about fluctuations in the Gulf 
Stream position. The information provided in these pub- 
lications gives more complete and synoptic coverage over 
the entire Gulf Stream system than is possible through 
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Figure 6.—Gulf Stream crossings—May 1974. 
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Figure 7.—Gulf Stream crossings and Shelf Water-Slope Water front 
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Figure 8.—Gulf Stream crossings and Shelf Water-Slope Water front 
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Figure 9.—Gulf Stream crossings—December 1974. 


Table 5.—Gulf Stream crossings by SOOP vessels in 1974. 


Appendix Position 
figure Ship Date (lat., long.) 
21 Mormac Argo 5-6 May 38°30'N, 71°12'W 
22 Santa Cruz 17-18 May 31°48'N, 79°06'W 
23 Santa Cruz 11-12 June 38°12'N, 73°57'W 
24 Santa Cruz 28 July 34°48'N, 75°24'W 
25 Mormac Rigel 14 Aug. 37°42'N, 70°48’W 
27 Santa Cruz 3-4 Sept. 35°30'N, 75°00’W 
29 Export Defender 1 Oct. 36°42'N, 72°18'W 
30 Mormac Rigel 3 Oct. 37°30'N, 71°00'W 
31 Santa Cruz 9-10 Oct. 36°12'N, 74°12'W 
32 Santa Cruz 19 Oct. 35°00'N, 75°00’W 
34 Export Defender 27-28 Nov. 36°00'N, 74°00'W 
35 Santa Cruz 7-8 Dec. 36°00'N, 75°18'W 


SOOP transects. However, since the N-69 charts are 
derived solely from remote sensing of sea surface tem- 
peratures and The Gulf Stream Monthly Summary is at 
least partially dependent upon these data, the patterns 
shown by these publications may not be as accurate as 
those portrayed from subsurface temperature data. The 
information collected by the SOOP affords an excellent 
source with which these data can be verified. 

Table 6 shows the Gulf Stream positions as deter- 
mined from each source. In each case, the distance has 
been measured along identical bearing lines and this dis- 
tance converted to nautical miles. Several sources of 
error were apparent. The inconsistent quality of 
reproduction of N-69 charts and the distortion in- 
troduced by photocopying lead to some uncertainty in 
measurements. In addition, some interpolation was 
necessary to locate positions between stations on ver- 
tical sections. Interpolation was also necessary to deter- 


mine positions during mid-month from The Gulf Stream 
Monthly Summary because positions were given only at 
the beginning and end of the month. An estimate of these 
errors accompanies each measurement. 

Within the estimated range of measurement errors, the 
sources agreed closely on the positions of the Gulf Stream 
North Wall. Only in May was there a significant dif- 
ference in the measurements. The distance offshore to 
the North Wall measured from The Gulf Stream 
Monthly Summary was about 40 nautical miles greater 
than the distance determined from SOOP data when 
superimposed on the N-69 charts. 


Eddies.—From analysis of the vertical sections con- 
tained in this report, four Gulf Stream eddies were 
detected during 1974 (see Table 7 and Fig. 10). Eddy #1 
(Appendix Fig. 19) was crossed by Santa Cruz on 5-6 
May and was centered at station 7 (lat. 32°00'N, long. 
75°00'W). The sloping of the isotherms indicated an 
asymmetrical cold core eddy, possibly becoming en- 
trained in the Gulf Stream. The Gulf Stream Monthly 
Summary (April) showed an eddy centered at lat. 
33°00'N, long. 74°00'W on 30 March 1974. Since the eddy 
was not shown in the May issue, it may have become en- 
trained during the interval. This eddy was not shown on 
the N-69 charts. 

On 5-6 May (Appendix Fig. 21) Mormac Argo crossed a 
cyclonic, cold core eddy (Eddy #2) that was centered 
around station 8 (lat. 36°00'N, long. 68°00'W). The 
structure of the eddy was evident to a depth of about 600 
m and the width at the surface where transected was ap- 
proximately 145 nautical miles (269 km). The May issue 


Table 6.—Comparison of Gulf Stream position in 1974 as located by SOOP, NESS N-69 charts, and The Gulf Stream Monthly 


Summary. 
N-69 Charts Gulf Stream 
Appendix SOOP Distance Distance Distance 
figure/date bearing line nm (km) Date/Bearing line nm (km) Date/Bearing line nm (km) 
21 Sandy Hook 171412 4-7 May 155+35 May 235+10 
5-6 May 130° (317422) Sandy Hook 130° (287465) Sandy Hook 130° (435+19) 
22 Charleston 87+10 Cloud Cover — May 34412 
17-18 May 147° (161419) Charleston 147° (156422) 
23 Cape Charles 118415 6-10 June 90415 June 100+18 
11-12 June 124° (219+ 28) Cape Charles 124° (167+ 28) Cape Charles 124° (185+33) 
24 Cape Charles 140425 Cloud Cover — July 144410 
28 July 170° (259446) Cape Charles 170° (267419) 
25 Sandy Hook 222415 15-20 Aug. 225+10 August 215424 
14 Aug 137° (411428) Sandy Hook 137° (417+19) Sandy Hook 137° (398+ 44) 
27 Cape Charles 132415 4-10 Sept. 120410 September 115+10 
3-4 Sept 161° (245+28) Cape Charles 161° (222419) Cape Charles 161° (213419) 
29 Cape Charles 174+ 6 27 Sept.-1 Oct. 165415 October 150+10 
1 Oct 95° (322+11) Cape Charles 95° (306+ 28) Cape Charles 95° (278419) 
30 Sandy Hook 225+ 6 4-6 Oct. 230+ 20 October 210410 
3 Oct. 137° (417411) Sandy Hook 137° (426437) Sandy Hook 137° (389419) 
31 Cape Charles 120+20 11 Oct. 95+10 October 120+10 
9-10 Oct. 128° (222437) Cape Charles 128° (176419) Cape Charles 128° (222419) 
32 Cape Charles 120+10 18-22 Oct. 120415 October 125412 
19 Oct. 161° (222419) Cape Charles 161° (222428) Cape Charles 161° (232422) 
34 Cape Charles 102+ 6 21-24 Nov. 91415 November 100+10 
27-28 Nov. 140° (189+11) Cape Charles 140° (169+28) Cape Charles 140° (185419) 
35 Cape Charles 100+50 5-10 Dec. 135+12 December 121410 
7-8 Dec. 163° (185493) Cape Charles 163° (250422) Cape Charles 163° (224419) 


8 


| 


Table 7.—Gulf Stream eddies transected by SOOP vessels in 1974. 


Location Approximate Maximum 
Appendix of surface observed Direction 
Eddy figure/ center diameter depth of 

number Date (lat., long.) nm (km) (m) rotation 

1 19 32°N, 75°W 165 650 Cyclonic 
5 May (306) 

2 21 36°N, 68°W 145 500 Cyclonic 
5-6 May (269) 

3 33 37°N, 74°W 90 450 Anticyclonic 
20 Oct. (167) 

4 35 32°N, 73°30'W 150 660 Cyclonic 
7-8 Dec. (278) 


45° 


40° 


35° 


30° 


1. SANTA CRUZ — 5-6 MAY 1974 
2 MORMAC ARGO — 5-6 MAY /974 
3. US.CGC INGHAM— 20 OCT 1974 
4 SANTA CRUZ—7-8 DEC 1974 


25eb— 


go? 75° 70° 65° 
Figure 10.—Gulf Stream eddies surveyed during 1974. 


of The Gulf Stream Monthly Summary showed a 
cyclonic eddy with a width of about 80 nautical miles 
(148 km) centered at a position of lat. 36°30’N, long. 
68°00'W, which corresponded closely to the position of 
Eddy #2. No correlation could be made with the NESS 
N-69 charts of 4-7 May 1974 because of heavy cloud 
cover in the study area. However, the 14 May 1974 N-69 
charts showed a cold-water intrusion in this area. Com- 
parison of SOOP original XBT traces with other traces 
shown in The Gulf Stream Monthly Summary revealed 
reasonable similarity; it was concluded that Eddy #2 was 
the same eddy depicted in the May summary. 

Appendix Figure 21 also showed another unusual 
feature. An unusually strong thermal gradient (surface 
temperatures changed from 23° to 20°C over a distance 
of 15 nautical miles or 28 km) was present between 
stations 3 and 4. Similar fronts in the Sargasso Sea have 
been described by Katz (1969), Voorhis (1969), and Voor- 
his and Hersey (1964). 


Eddy #3 (Appendix Fig. 33) was located by USCGC 
Ingham on 20 October 1974. This anticyclonic eddy was 
centered near lat. 37°N, long. 74°W with the charac- 
teristic downwarping of the isotherms being detectable 
between stations 3 and 7. An intrusion of warm water 
shown on the 23-28 October and 31 October-3 November 
N-69 charts could have been the result of this warm eddy 
moving into this region. However, no eddy was shown at 
this location in the October or November issues of The 
Gulf Stream Monthly Summary. 

Eddy #4 (Appendix Fig. 35), a cold core, cyclonic eddy, 
was crossed by Santa Cruz on 7-8 December 1974. The 
maximum depth observed by XBT was 660 m, while the 
eddy center was located around lat. 32°00'N, long. 
73°30'W (station 14). Sea surface temperatures were as 
much as 3°C lower than adjacent Gulf Stream waters, 
but no signature was detectable in the surface salinities. 
This eddy was apparently the same one that was 
monitored with neutrally buoyant floats by the U.S. 
Naval Oceanographic Office and surveyed on 11 Decem- 
ber 1974 by P. L. Richardson aboard RV Trident (Gem- 
mill 1974; Anonymous 1975; Gemmill and Cheney 1975). 


Shelf Water-Slope Water front.—SOOP transects 
crossed the Shelf Water-Slope Water front five times 
during 1974. Determinations of frontal crossings were 
made primarily on the basis of subsurface temperature 
gradients shown on the vertical sections with additional 
supporting evidence being drawn from surface tem- 
perature and salinity gradients. A summary of these 
crossings is given in Table 8 and in Figures 6-9. 

In order to provide a means of verification of the posi- 
tion of the front as determined from SOOP sections, 
comparisons have been made with NESS N-69 charts. 
After the position of the front was determined on the 


Table 8.—Shelf Water-Slope Water front crossings by SOOP vessels 


in 1974, 

Appendix Frontal position 

figure Ship Date (lat., long.) 
23 Santa Cruz 11-12 June 38°N, 71°48'W 

25 Mormac Rigel 14 Aug. 39°42'N, 73°W 

27 Santa Cruz 3-4 Sept. 38°N, 74°W 

28 USCGC Taney 29-30 Sept. 37°N, 75°W 
31 Santa Cruz 9-10 Oct. 38°18'N, 73°54'W 


Table 9.—Comparison of position of Shelf Water-Slope Water front as detected by SOOP and N-69 charts. 


Appendix SOOP Distance N-69 Distance 
figure Date bearing line nm (km) Date bearing line nm (km) 
23 11-12 June Cape Charles 132415 13-18 June Cape Charles 156+18 
53° (245+ 28) 53° (289433) 
25 14 Aug. Sandy Hook 72415 12 Aug. Sandy Hook 90+10 
141° (133+ 28) 141° (167419) 
27 3-4 Sept. Cape Charles 108412 Cloud cover in study area—no 
53° (200+ 22) measurement possible 
28 29-30 Sept. Cape Charles 66410 27 Sept.- Cape Charles 66412 
86° (122419) 1 Oct. 86° (122+ 22) 
31 9-10 Oct. Cape Charles 132420 11 Oct. Cape Charles 102+10 
53° (245437) 53° (189+19) 


SOOP sections, a bearing line was established to a near- 
by landmark. The distance in nautical miles was 
measured with a pair of dividers and an estimate of error 
was made. The position of the front was then measured 
along the same bearing line on the N-69 charts. These 
comparisons are shown in Table 9. 

Within the estimated range of measurement error, the 
positions determined from the two sources agreed close- 
ly, suggesting that the methods currently used are 
reliable indicators of the frontal position. 
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Appendix Figure 1.—Horizontal distribution of sea surface temperature (°C) and sea surface salinity (°/,,) and vertical distribution of 
temperature (°C) in the upper 200 and 800 m. Delta Sud—8-9 March 1974. 
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Appendix Figure 2.—Horizontal distribution of sea surface temperature (°C) and sea surface salinity (°/o. ) and vertical distribution of 
temperature (°C) in the upper 200 and 800 m. Delta Norte—21-23 March 1974. 
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Appendix Figure 3.—Horizontal distribution of sea surface temperature (°C) and sea surface salinity (°/,. ) and vertical distribution of 
temperature (°C) in the upper 200 and 800 m. Delta Sud—15-17 April 1974. 
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Appendix Figure 4.—Horizontal distribution of sea surface temperature (°C) and sea surface salinity (°/o. ) and vertical distribution 
of temperature (°C) in the upper 200 and 800 m. Delta Sud—21 May 1974. 
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Appendix Figure 5.—Horizontal distribution of sea surface temperature (°C) and sea surface salinity (°/.. ) and vertical distribution 
of temperature (°C) in the upper 200 and 800 m. Delta Sud—27-29 May 1974. 
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Appendix Figure 6.—Horizontal distribution of sea surface temperature (°C) and sea surface salinity (°/..) and vertical distribution 


of temperature (°C) in the upper 200 and 800 m. Delta Sud—28-29 June 1974. 
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Appendix Figure 7.—Horizontal distribution of sea surface temperature (°C) and sea surface salinity (°/,,) and vertical distribution 
of temperature (°C) in the upper 200 and 800 m. Delta Sud—6-7 July 1974. 
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Appendix Figure 8.—Horizontal distribution of sea surface temperature (°C) and sea surface salinity (°/..) and vertical dis- 
tribution of temperature (°C) in the upper 200 and 800 m. Delta Sud—7-8 July 1974. 
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Appendix Figure 9.—Horizontal distribution of sea surface temperature (°C) and sea surface salinity (°/..) and vertical distribution of 
temperature (°C) in the upper 200 and 800 m. Delta Norte—20-21 July 1974. 
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Appendix Figure 10.—Horizontal distribution of sea surface temperature (°C) and sea surface salinity (°/o. ) and vertical distribution 


of temperature (°C) in the upper 200 and 800 m. Mayaguez—17-18 August 1974. 
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Appendix Figure 11.—Horizontal distribution of sea surface temperature (°C) and sea surface salinity (°/,. ) and vertical distribution 
of temperature (°C) in the upper 200 and 800 m. Mayaguez—25-26 August 1974. 
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Appendix Figure 12.—Horizontal distribution of sea surface temperature (°C) and sea surface salinity (°/.o ) and vertical distribution 
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Appendix Figure 13.—Horizontal distribution of sea surface temperature (°C) and sea surface salinity (°/,. ) and vertical distribution 
of temperature (°C) in the upper 200 and 800 m. Delta Sud—2 November 1974. 
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Appendix Figure 14.—Horizontal distribution of sea surface temperature (°C) and sea surface salinity (°/.. ) and vertical distribution 
of temperature (°C) in the upper 200 and 800 m. Delta Sud—6 November 1974. 
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Appendix Figure 15.—Horizontal distribution of sea surface temperature (°C) and sea surface salinity (°/,,) and vertical distribution of tem- 
perature (°C) in the upper 200 and 8 00 m. Delta Norte—1 December 1974. 
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Appendix Figure 16.—Horizontal distribution of sea surface temperature (°C) and sea surface salinity (°/..,) and vertical distribution of tempera- 
ture (°C) in the upper 200 and 800 m. Delta Norte—1-2 December 1974. 
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Appendix Figure 17.—Horizontal distribution of sea surface temperature (°C) and sea surface salinity (°/,. ) and vertical distribution 
of temperature (°C) in the upper 200 and 800 m. Santa Cruz—28 February 1974. 
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Appendix Figure 18.—Horizontal distribution of sea surface temperature (°C) and sea surface salinity (°/..) and vertical distribu- 
tion of temperature (°C) in the upper 200 and 800 m. Santa Cruz—12 April 1974. 
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Appendix Figure 19.—Horizontal distribution of sea surface temperature (°C) and sea surface salinity (°/..) and vertical distribution 
of temperature (°C) in the upper 200 and 800 m. Santa Cruz—5 May 1974. 
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Appendix Figure 20.—Horizontal distribution of sea surface temperature (°C) and sea surface salinity (°/..) and vertical dis- 
tribution of temperature (°C) in the upper 200 and 800 m. Santa Cruz—6 May 1974. 
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Appendix Figure 21.—Horizontal distribution of sea surface temperature (°C) and sea surface salinity (°/..) and vertical distribu- 
tion of temperature (°C) in the upper 200 and 800 m. Mormac Argo—5-6 May 1974. 
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Appendix Figure 22.—Horizontal distribution of sea surface temperature (°C) and sea surface salinity (°/..) and vertical dis- 
tribution of temperature (°C) in the upper 200 and 800 m. Santa Cruz—17-18 May 1974. 
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Appendix Figure 23.—Horizontal distribution of sea surface temperature (°C) and sea surface salinity (°/,.) and vertical distribution of 
temperature (°C) in the upper 200 and 800 m. Santa Cruz—11-12 June 1974. 
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Appendix Figure 24.—Horizontal distribution of sea surface temperature (°C) and sea surface salinity (°/.0 ) and vertical distribution 
of temperature (°C) in the upper 200 and 800 m. Santa Cruz—28 July 1974. 
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Appendix Figure 25.—Horizontal distribution of sea surface temperature (°C) and sea surface salinity (°/o.) and vertical distribution 
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Appendix Figure 26.—Horizontal distribution of sea surface temperature (°C) and sea surface salinity (°/..) and vertical distribution 
of temperature (°C) in the upper 200 and 800 m. USCGC Taney—20-21 August 1974. 
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Appendix Figure 27.—Horizontal distribution of sea surface temperature (°C) and sea surface salinity (°/.. ) and vertical distribution 
of temperature (°C) in the upper 200 and 800 m. Santa Cruz—3-4 September 1974. 
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Appendix Figure 28.—Horizontal distribution of sea surface temperature (°C) and sea surface salinity (°/.-) and vertical distribution 
of temperature (°C) in the upper 200 and 800 m. USCGC Taney—29-30 September 1974. 
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Appendix Figure 29.—Horizontal distribution of sea surface temperature (°C) and sea surface salinity (°/.. ) and vertical distribution 
of temperature (°C) in the upper 200 and 800 m. Export Defender—1 October 1974. 
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Appendix Figure 30.—Horizontal distribution of sea surface temperature (°C) and sea surface salinity (°/.. ) and vertical distribution 
of temperature (°C) in the upper 200 and 800 m. Mormac Rigel—3 October 1974. 
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Appendix Figure 31.—Horizontal distribution of sea surface temperature (°C) and sea surface salinity (°/..) and vertical distribution 
of temperature (°C) in the upper 200 and 800 m. Santa Cruz—9-10 October 1974. 
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Appendix Figure 32.—Horizontal distribution of sea surface temperature (°C) and sea surface salinity (°/..) and vertical distribution 
of temperature (°C) in the upper 200 and 800 m. Santa Cruz—19 October 1974. 
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Appendix Figure 33.—Horizontal distribution of sea surface temperature (°C) and sea surface salinity (°/oo) and vertical distribution 
of temperature (°C) in the upper 200 and 800 m. USCGC Ingham—20 October 1974. 
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Appendix Figure 34.—Horizontal distribution of sea surface temperature (°C) and sea surface salinity (°/..) and vertical distribution 
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A List of the Marine Mammals of the World! 


DALE W. RICE? 


ABSTRACT 


Listed are the 116 species of Recent marine mammals, including freshwater species of the 
predominantly marine groups. The number of species are: Order Carnivora, 36 (polar bear, sea otter, 
and 34 pinnipeds); Order Sirenia, 5; Order Mysticeti, 10; and Order Odontoceti, 65. The geographic 


distribution of each species is indicated. 


INTRODUCTION 


Listed here are the living and recently extinct marine 
mammals of the world: the sea otter, polar bear, pin- 
nipeds, sirenians, and cetaceans. Living freshwater pin- 
nipeds, sirenians, and cetaceans are included. 

Attempts to classify marine mammals are difficult 
because they are poorly known. Some live on the high 
seas and others on remote oceanic islands or among polar 
ice fields. Some sirenians and smaller cetaceans live in 
tropical waters seldom visited by mammalogists. The 
carcasses of marine mammals are large, greasy, bloody, 
and often putrefied before they are brought to the atten- 
tion of biologists. They are difficult and expensive to col- 
lect and to preserve for study. As a result, some kinds are 
represented in scientific collections by only a few skulls 
and their external appearance is poorly known. Thus, 
any list of the marine mammals, especially of the smaller 
cetaceans, can be regarded only as provisional. 

The seals have usually been separated from the ter- 
restrial carnivores as Order (or Suborder) Pinnipedia. It 
is now clear, however, that the pinnipeds had a common 
origin with the weasel, racoon, dog, and bear families, 
and together they constitute one of the two main sub- 
divisions of living carnivores (Mitchell and Tedford 
1973). 

The cetaceans have usually been regarded as com- 
prising a single order, but their origins are obscure, and it 
is questionable whether they are monophyletic. The 
Odontoceti (toothed whales) and the Mysticeti (baleen 
whales) have been separate since at least the late 
Eocene, and all authors have recognized them as valid 
taxa at either the subordinal or ordinal level. The dif- 
ferences between the two groups are as great as those 
between some of the universally recognized orders of 
mammals (Rice, in Anderson and Jones 1967). Therefore 
I follow Kleinenberg (1958) and some other authors in 
ranking them as separate orders. 

In the Order Odontoceti, the species of the genera 
Platanista, Sousa, Sotalia, and Tursiops herein recog- 


‘A revision of two earlier lists under the same title (Scheffer and Rice 
1963; Rice and Scheffer 1968). 

*Marine Mammal Division Northwest Fisheries Center, National 
Marine Fisheries Service, NOAA, Seattle, WA 98115. 


nized as valid have been changed to conform to the “List 
of Smaller Cetaceans Recognized,” agreed upon at the 
special meeting on smaller cetaceans held by the Scien- 
tific Committee of the International Whaling Commis- 
sion (1975). The present list now agrees with the IWC 
Scientific Committee’s list. It appears that the specific 
classification of the Odontoceti is approaching a consen- 
sus. Future studies may indicate that certain closely 
related allopatric forms now listed as separate species 
should be regarded as conspecific; such cases are noted in 
the text. Recent studies on some species of small 
cetaceans (e.g., Stenella longirostris and S. attenuata) 
have revealed considerable geographic variation. Most 
species of cetaceans are still too poorly known for sub- 
species to be defined, but I have listed the proposed sub- 
species that appear to be valid. 

In the few cases where the nomenclature or classifica- 
tion in the present list differs from that in the working 
list compiled by the U.S. Marine Mammal Commission 
(1976), the reasons are explained in the text or in the 
references cited therein. 

The following names are senior synonyms of names 
used in this list; according to Article 23b of the Inter- 
national Code for Zoological Nomenclature (Inter- 
national Trust for Zoological Nomenclature 1964), these 
names are nomina oblita and cannot replace the names 
herein employed: 

Stenorhinchus E. Geoffroy St.-Hilaire and F. Cu- 
vier, 1826 ( = Hydrurga Gistel, 1848) 

Susu Lesson, 1828 ( = Platanista Wagler, 1830) 

Nodus Wagler, 1830 ( = Mesoplodon Gervais, 1850) 

Tursiops nesarnack (Lacépéde, 1804) [ = T. trun- 
catus (Montagu, 1821) | 

Phoca vitulina stejnegeri Allen, 1902 ( = Phoca vitu- 
lina kurilensis Inukai, 1942) 

Hyperoodontidae Gray, 1846 ( = Ziphiidae Gray, 
1865). 

Synonyms commonly used in recent literature are 
listed on page 12; see Scheffer (1958) for synonymy of 
pinnipeds and Hershkovitz (1966) for synonymy of 
cetaceans. 

Vernacular names are included for most species. In 
selecting vernacular names, I have been guided, but not 
bound, by the principles adopted by the American 
Fisheries Society’s Committee on Names of Fishes 


(Bailey et al. 1970) and the American Ornithologists’ 
Union’s Committee on Classification and Nomenclature 
(1973). Many small cetaceans lack distinctive ver- 
nacular names; hence some names listed here are “‘book”’ 
names. I am not attempting to ‘“‘standardize” ver- 
nacular names—the time is not ripe for that. I hope that 
field workers will record or invent more appropriate 
names where needed. 

The report deals only with the Recent marine mam- 
mals. Readers interested in fossil forms are referred to 
the following publications: Winge (1921); Miller (1923); 
Kellogg (1928, 1936); Slijper (1936); Simpson (1945); 
Piveteau (1958, 1961); Reinhart (1959); Matthes (1962); 
King (1964); and Romer (1966). 


Order CARNIVORA 


The living carnivores comprise two super- 
families—Feloidea (mongooses, cats, hyenas, etc.) and 
Canoidea (dogs, bears, raccoons, weasels, seals, etc.) 
(Mitchell and Tedford 1973). Only the latter super- 
family includes marine species. 


Family URSIDAE 
There are five living genera of bears and giant pandas 
(Hendey 1972), but only one contains a marine species. 


Genus URSUS Linnaeus, 1758 
Only one of the four species of this genus is marine. 


Ursus maritimus Phipps, 1774 (polar bear). 
Ice-covered regions of Arctic Ocean and contiguous 
seas, and adjacent coasts and islands. 


Family ODOBENIDAE 


Mitchell (1975) regarded the walruses as a subfamily 
of the Otariidae, whereas Repenning (1975) maintained 
them as a separate family. Pending a consensus, I follow 
most previous authors in listing them as a separate fami- 
ly. 


Genus ODOBENUS Brisson, 1762 


Odobenus rosmarus (Linnaeus, 1758) (walrus). 
Shallow waters near ice in the Arctic Ocean and ad- 
jacent seas. Three subspecies are currently recog- 
nized: O. r. rosmarus in the Atlantic-Arctic; O. r. 
divergens (Illiger, 1815), in the Pacific-Arctic; and 
O. r. laptevi Chapskii, 1940, in the Laptev Sea. The 
Atlantic subspecies contains two breeding groups, 
one from the Kara Sea to eastern Greenland and 
another from western Greenland and eastern 
Canada. The latter population may be sub- 
specifically distinct. There are late Pleistocene to 
prehistoric records as far south as California, 
Michigan, North Carolina, and France (Repenning, 
pers. commun.). 


bo 


Family OTARIDAE 
Genus PHOCARCTOS Peters, 1866 


Phocarctos hookert (Gray, 1844) (Auckland sea lion; 

New Zealand sea lion). 
Subantarctic islands south of New Zealand; breeds 
regularly only at Carnley Harbor and Enderby Is- 
land in the Auckland Islands, rarely at Campbell 
Island. Hauls out on Snares Islands, Macquarie Is- 
land, and South Island, N.Z. Occurred on North Is- 
land, N.Z., less than 1,000 yr ago. For discussion of 
the relationships of Phocarctos, Neophoca, and 
Zalophus see King (1960). 


Genus OTARIA Peéron, 1816 


Otaria flavescens (Shaw, 1800) (South American sea 

lion). 
Coastal waters from Recife das Térres, Brazil, and 
Zorritos, Peru, southward to Strait of Magellan and 
Falkland Islands. Some authors have used the 
specific name byronia de Blainville, 1820, but P. 
Hershkovitz pointed out (pers. commun.) that “‘the 
type of flavescens was a tangible specimen preserved 
in the old Leverian museum. It was adequately des- 
cribed and figured, is perfectly identifiable, and has 
a valid type locality. Its name has priority, usage 
and currency.” 


Genus ZALOPHUS Gill, 1866 


Zalophus californianus (Lesson, 1828) (black sea lion; 

California, Japanese, and Galapagos sea lions). 
One subspecies, Z. c. californianus, breeds from San 
Miguel Island, Calif., south to Punta Entrada, Baja 
California, and on islands in the upper Gulf of 
California, ranging at sea north to Vancouver Is- 
land, south to Cabo San Lucas and Mazatlan. A sec- 
ond subspecies of unconfirmed validity, Z. c. 
japonicus (Peters, 1866), was known from the Sea of 
Japan but was probably exterminated in the 1950’s 
(International Union for Conservation of Nature and 
Natural Resources 1972; Nichiwaki 1973). A third 
subspecies, Z. c. wollebaeki Sivertsen, 1953, breeds 
on the Galapagos Islands. 


senus NEOPHOCA Gray, 1866 


Neophoca cinerea (Péron, 1816) (Australian sea lion). 
Coastal waters from Kangaroo Island, South Aus- 
tralia, to Houtman Rocks, Western Australia. There 
is a late Pleistocene record from Melbourne, Vic- 
toria. 


Genus EUMETOPIAS Gill, 1866 


Eumetopias jubatus (Schreber, 1776) (northern sea 
lion). 


Breeds along west coast of North America from San 
Miguel Island, Calif., northwest to Prince William 
Sound and the Alaska Peninsula, throughout the 
Aleutian and Pribilof islands, along the east coast of 
Kamchatka, throughout the Kuril Islands, and on 
islands in the Okhotsk Sea. Some move north into 
the Bering Sea in summer, as far as St. Lawrence Is- 
land. Sometimes hauls out on ice. The spelling of 
jJubatus follows a rule in International Trust for 
Zoological Nomenclature (1964:31): “a noun of 
variable gender...is to be treated as mascu- 
INNS. agin 


Genus CALLORHINUS Gray, 1859 


Calorhinus ursinus (Linnaeus, 1758) (northern fur 

seal). 
Breeds on Ostrov Tyuleniy (Robben Island) in the 
Okhotsk Sea, some of the Kuril Islands, the Pribilof 
and Commander islands in the Bering Sea, and San 
Miguel Island off southern California. Formerly bred 
on Ostrov Iony in the Okhotsk Sea 120 miles north of 
Sakhalin (Stejneger 1898), and possibly on Buldir Is- 
land in the Aleutians (Murie 1959) and the Farallon 
Islands off central California (Repenning et al. 
1971). Bones, including those of young pups, from 
San Miguel Island, the Monterey area, and Ano 
Nuevo Point, Calif., and from Bella Bella, British 
Columbia, suggest that it formerly bred all along the 
west coast from San Miguel Island to Alaska 
(Repenning, pers. commun.). 


Genus ARCTOCEPHALUS E. Geoffroy Saint-Hilaire 
and F. Cuvier, 1826 


The breeding ranges of the species of 
Arctocephalus are strictly allopatric; further studies 
on the relationships of these seals are much needed. 
The present classification follows Repenning et al. 
(1971). 


Arctocephalus pusillus (Schreber, 1776) (Giant fur 

seal; Victorian, or Tasmanian, and South African, or 

Cape, fur seals). 
There are two widely separated subspecies. Arc- 
tocephalus p. pusillus breeds in temperate coastal 
waters from Cape Cross, South West Africa, to Algoa 
Bay, South Africa; ranges north to Angola. Arc- 
tocephalus p. doriferus Wood Jones, 1925, breeds 
along the coast of southeastern Australia from Lady 
Julia Percy Island east to the Skerries, Victoria, in- 
cluding coasts of Tasmania and islands in Bass 
Strait; ranges east to Port Stephens, N.S.W. 


Arctocephalus gazella (Peters, 1875) (Antarctic fur 
seal). 
Islands south of the Antarctic Convergence; South 
Shetlands, South Orkneys, South Sandwich, South 
Georgia, Bouvet, Kerguelén (not breeding), Heard, 
and McDonald. 


Arctocephalus forstert (Lesson, 1828) (Antipodean fur 

seal; Western Australian and New Zealand fur seals). 
Breeds around South Island, N.Z., on nearby suban- 
tarctic islands (Chatham, Bounty, Antipodes, Auck- 
land, Campbell, Macquarie, Snares, Stewart, and 
Solander), and along coast of southwestern Aus- 
tralia from Eclipse Island, Western Australia, to 
Kangaroo Island, South Australia. 


Arctocephalus tropicalis (Gray, 1872) (subantarctic 

fur seal). 
Subantarctic islands of Atlantic Ocean and Indian 
Ocean, north of the Antarctic Convergence (Tristan 
da Cunha, Gough, Marion, Prince Edward, Crozet 
(not breeding), Amsterdam, and St. Paul). Rarely 
wanders to South Africa, New Zealand, and Mac- 
quarie Island. 


Arctocephalus australis (Zimmerman, 1783) (South 
American fur seal). 
Falkland Islands; coasts of South America from 
Tierra del Fuego north to Rio de Janeiro, Brazil, and 
Lima, Peru. The proposed subspecific separation of 
the Falkland Islands and mainland populations is 
not justifiable (Vaz Ferreira 1976). 


Arctocephalus galopagoensis Heller, 1904 (Galapagos 
fur seal). 
Confined to the Galapagos Islands. 


Arctocephalus philippw (Peters, 1866) (Juan Fernan- 
dez fur seal). 
Now known to breed only on the Islas Juan Fer- 
nandez, Chile. Probably bred formerly on Isla San 
Felix and Isla San Ambrosio, Chile. 


Arctocephalus townsendi Merriam, 1897 (Guadalupe 

fur seal). 
Now known to breed only on Isla Guadalupe, Baja 
California. Occasionally seen on other islands off 
southern California and Baja California (San 
Miguel, San Nicholas, and Cedros), where it may 
have bred formerly. An old sealer’s report from Isla 
Socorro (Morrell 1832) and bones from an Indian 
midden on Monterey Bay (Repenning, pers. com- 
mun.) suggest that it originally ranged more widely. 


Family MUSTELIDAE 


This family includes the weasels, badgers, otters, and 
their allies. Only the otters (subfamily Lutrinae) in- 
clude marine species and only the sea otter is usually 
regarded as marine, although several species of river 
otters of the genus Lutra—especially the chungungo, L. 
felina (Molina, 1782), of Chile and Peru—feed exten- 
sively in salt water. 


Genus ENHYDRA Fleming, 1822 


Enhydra lutris (Linnaeus, 1758) (sea otter). 
Formerly ranged from Morro Hermoso, Baja Califor- 
nia, north along the coast to Prince William Sound 
and the south shore of the Alaska Peninsula, 
throughout the Aleutian, Pribilof, and Commander 
islands, along the southeast coast of Kamchatka, 
and through the Kuril Islands to northern Hok- 
kaido. Three subspecies are recognizable (Roest 
1973: Davis and Lidicker 1975): E. l. nereis (Mer- 
riam, 1904) from Mexico to Prince William Sound, 
Alaska; E. l. lutris from the Aleutian and Comman- 
der islands; and E. |. gracilis (Bechstein, 1799) in 
Kamchatka and the Kuril Islands. (The Aleutian 
race has been introduced into Oregon, Washington, 
British Columbia, and southeastern Alaska, where 
the indigenous stock was extirpated.) 


Family PHOCIDAE 
Genus PHOCA Linnaeus, 1758 


Scheffer (1958) raised Pusa (including hispida, cas- 
pica, and sibirica), Pagophilus (groenlandicus), and His- 
triophoca (fasciata) to generic rank, but Burns and Fay 
(1970) have shown that they deserve only subgeneric 
rank. 


Phoca vitulina Linnaeus, 1758 (harbor seal). 

Shores of North America and Eurasia from Hok- 
kaido, Baja California, North Carolina, and Spain 
north to the edge of arctic ice. Gives birth on land in 
May-August; the pup sheds its white coat in utero. 
The Atlantic subspecies, P. v. vitulina, is dis- 
tinguishable from the Pacific subspecies by skull 
characters. Western North Atlantic seals are 
sometimes listed as a separate subspecies from those 
on the eastern side, but Doutt (1942) could find no 
differences between seals of the eastern and western 
Atlantic. Phoca v. mellonae Doutt, 1942, is said to 
be confined to the Seal Lakes complex of the Un- 
gava Peninsula, though Mansfield (1967) doubted 
the validity of the subspecies. Phoca v. richardii 
(Gray, 1864) occurs in the eastern North Pacific west 
to the Aleutians, where it intergrades with P. v. 
kurtlensis Inukai, 1942, of the western North Pacific 
(Shaughnessy 1974). 


Phoca largha Pallas, 1811 (spotted seal; larga seal). 
Chukchi, western Beaufort, northern Bering, 
Okhotsk, and Japan seas, southwest to the Shan- 
tung Peninsula, China. Reproductively isolated 
from P. vitulina, with which it is sympatric in the 
Kuril Islands and along the north shore of the Alaska 
Peninsula (Belkin 1964; McLaren 1966; Burns 1970). 
Gives birth on ice in late winter or spring and the 
pup retains its white coat for a week or more after 
birth. 


Phoca hispida Schreber, 1775 (ringed seal). 
Throughout the Arctic Ocean and adjacent seas, 


chiefly in fast ice, and in several Finnish lakes. Four 
geographically isolated peripheral populations are 
fairly well-defined subspecies, one each from the 
Okhotsk Sea (P. h. ochotensis Pallas, 1811); the Bal- 
tic Sea (P. h. botnica Gmelin, 1788); Lake Ladoga 
(P. h. ladogensis Nordquist, 1899); and Lake Saimaa 
and adjacent lakes (P. h. saimensis Nordquist, 
1899). Geographical variation in the Arctic Ocean 
and Bering Sea populations, tentatively referable to 
the nominate subspecies, requires much further 
study. 


Phoca stbirica Gmelin, 1788 (Baikal seal). 


Only in Lake Baikal, U.S.S.R., a freshwater body 
which freezes in winter. 


Phoca caspica Gmelin, 1788 (Caspian seal). 


Only in Caspian Sea, U.S.S.R., the northern end of 
which freezes in winter. 


Phoca groenlandica Erxleben, 1777 (harp seal). 


North Atlantic Ocean, in pack ice from northern 
shores of Europe to eastern Canada. Breeds on pack 
ice in three main areas: the White Sea, north of Jan 
Mayen, and Newfoundland. (The Newfoundland 
seals breed in two centers: the “Front’’ north of the 
island and the “Gulf’’ west of it.) Seals of the three 
areas differ in size, cranial features, and body colora- 
tion (Khuzin 1963, 1967; Yablokov and Sergeant 
1963; Yablokov and Etin 1965). Subspecific names 
have been given to the Newfoundland stock, P. g. 
groenlandica, and that of the White Sea, P. g. 
oceanica Lepechin, 1778, but not to the Jan Mayen 
stock (Smirnov 1927). 


Phoca fasciata Zimmermann, 1783 (ribbon seal). 


North Pacific Ocean, chiefly in pack ice, from 
northern Hokkaido and the Okhotsk Sea to north- 
western Alaska. 


Genus HALICHOERUS Nilsson, 1820 


Halichoerus grypus (Fabricius, 1791) (gray seal). 


Temperate coasts of the North Atlantic. There are 
three breeding populations: one in the western At- 
lantic from Newfoundland to Massachusetts, 
another in the eastern Atlantic from the British Isles 
(rarely France) and Iceland to the White Sea, and a 
third in the Baltic Sea. Seals of the western Atlan- 
tic and Baltic populations pup in February and 
March, seals of the eastern Atlantic from Septem- 
ber to December. 


Genus ERIGNATHUS Gill, 1866 


Erignathus barbatus (Erxleben, 1777) (bearded seal). 


Circumboreal at edges of ice; along all coasts and is- 
lands of northern Eurasia and northern North 
America. No subspecies are recognizable (Kosygin 
and Potelov 1971). 


Genus CYSTOPHORA Nilsson, 1820 


Cystophora cristata (Erxleben, 1777) (hooded seal; 
bladdernose seal). 
North Atlantic Ocean at edges of ice from Novaya 
Zemlya to eastern Canada. Jan Mayen, Newfound- 
land, and Davis Strait breeding stocks are perhaps 
distinct. 


Genus MONACHUS Fleming, 1822 


Monachus monachus (Hermann, 1779) (Mediter- 

ranean monk seal). 
The original range included the southern and 
western coasts of the Black Sea, the coasts and is- 
lands of the Mediterranean Sea, the coast of north- 
western Africa southwestward to Cape Blanc, 
Mauritania, and the Madeira and Canary islands. 
Now rare or extirpated throughout much of its 
range. 


Monachus tropicalis (Gray, 1850) (Caribbean monk 

seal; West Indian monk seal). 
Extinct (K. W. Kenyon, pers. commun.). In historic 
times its range included shores and islands of the 
western Caribbean Sea, the Greater Antilles, the 
northern Lesser Antilles, the Bahamas, the Yucatan 
Peninsula, and the Florida Keys. In prehistoric 
times ranged north to South Carolina. 


Monachus schauinslandi Matschie, 1905 (Hawaiian 
monk seal). 
Breeds on Leeward Chain of the Hawaiian Islands, 
from French Frigate Shoals to Kure Atoll; rarely 
wanders southeastward to Hawaii and south to 
Johnston Island. 


Genus LOBODON Gray, 1844 


Lobodon carcinophagus (Hombron and Jacquinot, 
1842) (crabeater seal). 
Crabeaters are circumpolar and abundant in pack 
ice of the Southern Ocean; they straggle to southern 
tips of New Zealand, Australia, Tasmania, South 
Africa, and South America. 


Genus OMMATOPHOCA Gray, 1844 


Ommatophoca rossii Gray, 1844 (bigeye seal; Ross 
seal). 
Circumpolar in pack ice of Antarctic Ocean. 


Genus HYDRURGA Gistel, 1848 


Hydrurga leptonyx (de Blainville, 1820) (leopard seal). 
Leopard seals are circumpolar in the Southern 
Ocean and are recorded from most subantarctic is- 
lands, as well as New Zealand, southern Australia, 
the Cook Islands, southern South America, and 
South Africa. 


Genus LEPTONYCHOTES Gill, 1872 


Leptonychotes weddelli (Lesson, 1826) (Weddell seal). 


Circumpolar in fast ice around Antarctica, south to 
lat. 80°S in the Bay of Whales; straggling to suban- 
tarctic islands and as far north as Uruguay, lat. 
35°S. 


Genus MIROUNGA Gray, 1827 


Mirounga leonina (Linnaeus, 1758) (southern elephant 
seal). 


Circumpolar on subantarctic islands, south to edges 
of ice at lat. 78°S. The southern elephant seal breeds 
along a continental coast only at Argentina. Three 
subspecies have been proposed, one from the South 
American sector of the range, one from the southern 
Indian Ocean sector, and one from the New Zealand 
sector (Lydekker 1909). They may be valid, but fur- 
ther study is required before they can be accepted. 


Mirounga angustirostris (Gill, 1866) (northern 
elephant seal). 


Breeds from the Farallon Islands, Calif., south to 
Isla Guadalupe and Islas San Benito, Baja Califor- 
nia. Formerly from Point Reyes, Calif., south to 
Cabo San Lazaro, Baja California. Ranges at sea 
north to southeastern Alaska. 


Order SIRENIA 


Family DUGONGIDAE 
Genus DUGONG Lacépéde, 1799 


Dugong dugon (Miiller, 1776) (dugong). 


In tropical bays and estuaries of the Indian and 
western Pacific oceans from Lourenco Marques, 
Mozambique, and the Red Sea, east to the Ryukyu 
Islands (Amami Oshima), Palau, the Solomon Is- 
lands, the New Hebrides, New Caledonia, the Fiji 
Islands, and northern Australia. Carter et al. (1945) 
listed it from the Marshall Islands; if it ever occurred 
there it no longer does so. Now rare in all its range 
except along northern Australia. 


Genus HYDRODAMALIS Retzius, 1794 


Hydrodamalis gigas (Zimmermann, 1780) (great 
northern sea cow; Steller’s sea cow). 


Discovered in the Commander Islands in 1741, the 
sea cow was exterminated by Russian hunters about 
1768. In historic time, it lived only on Bering and 
Copper islands and its total population probably did 
not exceed 1,000 or 2,000 animals. A rib was found 
on Attu, the westernmost Aleutian Island, in 1842 or 
1843, by Ilia G. Wosnesenski. ‘““There is no indis- 
putable evidence of its ever having inhabited other 
coasts than those of the Commander Islands, as the 
find of a rib on Attu Island does not necessarily 


prove that the animal once lived there, though that 
is not improbable” (Stejneger 1897). A skull frag- 
ment about 19,000 yr old was dredged from the sea 
floor off Monterey, Calif. (Jones 1967). Remains 
have also been recovered from Pleistocene deposits 
on Amchitka in the Aleutian Islands (Gard 1972). 
Recent rumors (Berzin et al. 1963) of living sea cows 
near Cape Navarin, Siberia, have been discredited. 


Family TRICHECHIDAE 


Genus TRICHECHUS Linnaeus, 1758 
Three allopatric species are recognized (Hatt 1934), 

but their status needs confirmation. 
Trichechus manatus Linnaeus, 1758 (Caribbean 

manatee; West Indian manatee). 
Two doubtfully valid subspecies have been des- 
cribed: T. m. manatus from the sea coast, and lower 
reaches of rivers, from Bay of Campeche, Mexico, to 
northeastern South America, and in the Bahamas 
and the Greater Antilles; and T. m. latirostris (Har- 
lan 1824) from the coast and coastal rivers of United 
States from Beaufort, N.C., to Florida Keys and 
coast of Gulf of Mexico, westward to mouth of Rio 
Grande. 


Trichechus senegalensis Link, 1795 (West African 
manatee). 
Coastal lagoons and the lower reaches of rivers from 
Sénégal to the Cuanza River, Angola, and in the 
Niger and Benue drainages of Nigeria. 
Trichechus 1883) 
manatee). 
Rivers of northeastern South America, particularly 
the Amazon and Orinoco systems. 


inunguis (Natterer, (Amazon 


Order MYSTICETI 
Family ESCHRICHTIIDAE 
Genus ESCHRICHTIUS Gray, 1864 


Eschrichtius robustus (Lilljeborg, 1861) (gray whale). 
Shallow coastal waters of the North Pacific. There 
are two stocks, one on the eastern side from the Gulf 
of California to the Chukchi and Beaufort seas, 
another on the western side from Korea and Japan 
to the Okhotsk Sea; the latter stock is nearly ex- 
tinct. Formerly in the North Atlantic. 


Family BALAENOPTERIDAE 

Genus BALAENOPTERA Lacépéde 1804 
Balaenoptera acutorostrata Lacépéde, 1804 (minke 
whale). 


Widely distributed in all oceans. Three subspecies 
are recognizable: B. a. acutorostrata in the North 


Atlantic, B. a. davidsoni Scammon, 1872, in the 
North Pacific, and B. a. bonaerensis Burmeister, 
1867, in the Southern Hemisphere (Omura 1975). 
Specimens from Ceylon have also been described as 
a separate subspecies, B. a. thalmaha Deraniyagala, 
1963, but its validity requires confirmation. 


Balaenoptera edeni Anderson, 1878 (Bryde whale). 
Tropical and warm temperate waters of the Atlantic, 
Indian, and Pacific oceans. 


Balaenoptera borealis Lesson, 1828 (sei whale). 
All oceans except tropical and polar seas. Two sub- 
species distinguished: a smaller one, B. b. borealis, 
in the Northern Hemisphere and a larger one, B. b. 
schlegellii Flower, 1865, in the Southern Hemi- 
sphere. 


Balaenoptera physalus (Linnaeus, 1758) (fin whale). 
All oceans, but rarely in tropical waters or among 
pack ice. Two subspecies are recognized: a smaller 
Northern Hemisphere form, B. p. physalus, and a 
larger Southern Hemisphere form, B. p. quoyi 
(Fischer, 1829). 


Balaenoptera musculus (Linnaeus, 1758) (blue whale). 
All oceans. Three subspecies are recognized: a small 
one, B. m. musculus, in the North Atlantic and 
North Pacific; a large one, B. m. intermedia Bur- 
meister, 1871, that spends the summer in Antarctic 
waters; and a pygmy subspecies, B. m. brevicauda 
Ichihara, 1966, in the southern Indian Ocean. (The 
name B. m. brevicauda, published by Zemsky and 
Boronin 1964, is a nomen nudum according to van 
Bree, pers. commun.; the first valid publication of 
the name was by Ichihara 1966.) The taxonomic 
status of blue whales off the coasts of Chile and Peru 
and in the northern Indian Ocean is not settled. 


Genus MEGAPTERA Gray, 1846 


Megaptera novaeangliae (Borowski, 1781) (humpback 

whale). 
Nearly worldwide; winters largely in tropical waters 
near islands or the coast, summers in temperate and 
subpolar waters. This species shows little or no 
geographical variation in size; the several discrete 
populations differ in the frequency of color 
variations. 


Family BALAENIDAE 
Genus BALAENA Linnaeus, 1758 


Some authors place glacialis in a separate genus, 
Eubalaena Gray, 1864. Eschricht and Reinhardt (1861), 
the only authors who have made a detailed comparison 
between mysticetus and glacialis, regarded them as con- 
generic. Gray’s generic name was ignored by virtually all 
subsequent authors until it was resurrected by Allen 


(1908). Gray and Allen were two of the most notorious 
generic “‘splitters’” in the history of mammalogy (cf. 
Simpson 1961:139). The differences between the two 
species are no greater than those separating, e.g., the 
various species of Balaenoptera. 


Balaena glacialis Miiller, 1776 (right whale; black 

right whale). 
Temperate waters of the North Atlantic, the North 
Pacific, and the Southern Hemisphere. The 
southern populations are distinguishable as a 
separate subspecies (or species, according to some 
authors), B. g. australis Desmoulins, 1822, from B. 
g. glacialis of the North Atlantic (Muller 1954); 
North Pacific populations are apparently identical 
to those of the North Atlantic (Omura et al. 1969). 


Balaena mysticetus Linnaeus, 1758 (bowhead whale; 

Arctic right whale). 
Arctic waters. There are four geographically isolated 
populations: 1) From Spitzbergen west to east 
Greenland; 2) in Davis Strait, Baffin Bay, James 
Bay, and adjacent waters; 3) in the Bering, Chuk- 
chi, and Beaufort seas; and 4) in the Okhotsk Sea. 
The Alaskan Eskimo recognize two kinds: the larger 
“kairalik’? or true bowhead, and the smaller 
“ingotok” (known as the “‘poggy” to the 19th cen- 
tury American whalers). I believe that the ingotok is 
most likely a young bowhead. 


Genus CAPEREA Gray, 1864 


Caperea marginata (Gray, 1846) (pygmy right whale). 
Temperate waters of Southern Ocean; known mostly 
from strandings on New Zealand, Australia, South 
America, the Falkland Islands, and South Africa. 


Order ODONTOCETI 


In recent years, several new family classifications of 
the odontocetes have been proposed (Fraser and Purves 
1960; Nishiwaki 1963; Kasuya 1973). I believe that insuf- 
ficient evidence has been published to support the validi- 
ty of these classifications and that much more study is 
needed before any changes will be generally accepted. I 
therefore follow tradition in regarding the living odon- 
tocetes as divisible into five families. 


Family PLATANISTIDAE 


This family includes three well-marked subfamilies 
(which are sometimes accorded family rank): Platanis- 
tinae (Platanista), Iniinae (Inia, Lipotes), and Pon- 
toporiinae (Pontoporia). 


Genus INIA d’Orbigny, 1834 


Inia geoffrensis (de Blainville, 1817) (bouto; Amazon 
dolphin). 


Amazon and Orinoco basins of South America. Inia 
g. boliviensis d’Orbigny, 1834, of the upper Madeira 
River system in Bolivia differs considerably from I. 
g. geoffrensis in the remainder of the Amazon basin 
and may be a distinct species (van Bree and 
Robineau 1973; van Bree, pers. commun.). The pop- 
ulation in the Orinoco basin may also be sub- 
specifically distinct. 


Genus LIPOTES Miller, 1918 


Lipotes vexillifer Miller, 1918 (pei c’hi; whitefin dol- 
phin). 
Lower Yangtze River from its mouth (Shanghai) up- 
stream to Tung-t’ing Hu (Lake) and its tributaries. 
The English name “‘whiteflag’” dolphin is based on 
an erroneous interpretation of the Chinese (M. 
Nishiwaki, pers. commun.). 


Genus PONTOPORIA Gray, 1846 


Pontoporia blainvillei (Gervais and d’Orbigny, 1844) 
(franciscana; La Plata dolphin). 
Coastal waters and estuaries of eastern South Amer- 
ica, from Baia de Santos, Brazil, to Golfo San Ma- 
tias, Argentina. 


Genus PLATANISTA Wagler, 1830 


The two allopatric forms of this genus are regarded as 
subspecifically distinct by Kasuya (1972) and as 
specifically distinct by Pilleri and Gihr (1971). I ten- 
tatively list them as separate species on the advice of van 
Bree (pers. commun.). 


Platanista gangetica (Roxburgh, 1801) (Ganges susu; 
Ganges dolphin). 
Ganges-Brahmaputra-Meghna river system of In- 
dia, Bangladesh, and Nepal, from tidal limits to the 
foothills. It is presumably this species that formerly 
occurred in the Karnaphuli River. 
Plantanista minor Owen, 1853 (Indus susu; Indus dol- 
phin). 
Indus River system of Pakistan and India, from tidal 
limits to the foothills. (Most authors have used the 
name P. indi Blyth, 1859, but Owen’s name has 
priority.) 
Family DELPHINIDAE 
Basic references on the classification of the Del- 
phinidae are Flower (1883) and True (1889). The true 
porpoises (Phocoena, Neophocaena, and Phocoenoides) 
constitute a well-marked group that is sometimes ac- 
corded family rank (Phocoenidae). The remainder of the 
family has been variously subdivided or divided. 
Genus STENO Gray, 1846 


Steno bredanensis (Lesson, 1828) (rough-toothed dol- 
phin.) 
All tropical and warm temperate seas. 


Genus SOUSA Gray, 1866 


Sousa chinensis (Osbeck, 1765) (Indo-Pacific hump- 

back dolphin; white dolphin). 
Coastal waters of the Indian and western Pacific 
oceans, from Port Elizabeth, South Africa, north to 
the Red Sea and east to southern China (including 
lower reaches of the Yangtze, Foochow, and Canton 
rivers), Borneo, and northeastern and eastern Aus- 
tralia. The taxonomy of the humpbacked dolphins is 
greatly in need of revision. Several nominal species 
have been described, but individual, sexual, age, 
and geographic variations have not been adequately 
studied. 


Sousa teuszii (Ktikenthal, 1892) (Atlantic humpback 
dolphin). 
Coastal waters of west Africa from Mauritania to 
Cameroon. This form could perhaps be regarded as a 
subspecies of S. chinensis, from which it differs 
mainly in tooth count (26-29 versus 32-36). 


Genus SOTALIA Gray, 1866 


Further taxonomic studies of this genus are needed. 
Two forms are recognized—one chiefly in coastal and es- 
tuarine waters, the other in fresh water. The differences 
between them are slight; they are best regarded as sub- 
species of a single species. (The Old World species 
formerly placed in Sotalia are now placed in a separate 
genus, Sousa.) 


Sotalia fluviatilis (Gervais, 1853) (tucuxi; tookashee). 
Sotalia f. fluviatilis occurs in the Amazon River and 
its tributaries; S. f. guianensis (van Beneden, 1864) 
occurs in coastal waters and lower reaches of rivers 
of northeastern South America, from Lake 
Maracaibo, Venezuela, to Santos, Brazil. 


Genus TURSIOPS Gervais, 1855 


Tursiops truncatus (Montagu, 1821) (bottlenose dol- 
phin). 

Widely distributed in temperate and tropical 
waters, including the Black Sea. Occurs mostly close 
to shore, near islands, and over shallow banks. 
Ranges north to Japan, Hawaii, California, New 
Brunswick, and Norway; south to southern Aus- 
tralia, New Zealand, Chile, Argentina, and South 
Africa. There is considerable geographical variation; 
populations in warmer waters of the Indo-Pacific 
tend to average smaller in body size and greater in 
snout length and tooth count. 


Genus STENELLA Gray, 1866 


The species of this genus fall into three groups or 
superspecies which are sympatric in many areas: 1) The 
spinner dolphins with long snouts, about 50 teeth in each 


jaw, and shallow palatal grooves. This group includes 
forms that differ markedly in body form and color pat- 
tern, but intermediate populations connect the extreme 
forms, so they are regarded as conspecific (Perrin 1972, 
1975a, b). Current studies indicate, however, that there 
is probably another species in the Atlantic similar to, but 
sympatric with, the spinner dolphin (Perrin, pers. com- 
mun.). 2) The spotted and bridled dolphins with shorter 
snouts, about 37 teeth in each jaw, and no palatal 
grooves. This group apparently includes two species, the 
ranges of which overlap in the Atlantic (Perrin 1975b). 3) 
The striped dolphins, with about 44 teeth in each jaw, no 
palatal grooves, a dark stripe along the flank, and no 
spots. Only one species is recognized (Fraser and Noble 
1970). 


Stenella longirostris (Gray, 1828) (spinner dolphin). 
Tropical Atlantic, Indian, and Pacific oceans. This 
species shows marked geographical variation. In the 
central and eastern Pacific, Perrin (1972, 1975a, b) 
has described four subspecies: ‘Costa Rican,” 
“eastern,” “‘whitebelly,’’ and ‘“Hawaiian’’—the cor- 
rect scientific names of which have not been deter- 
mined. [Although most recent authors have used 
Gray’s specific name, its applicability is ques- 
tionable (Perrin 1975b). ] 


Stenella attenuata (Gray, 1846) (bridled dolphin; pan- 

tropical spotted dolphin). 
Tropical Atlantic, Indian, and Pacific oceans. This 
species also shows considerable geographical varia- 
tion. In the central and eastern Pacific, Perrin (1970, 
1975a, b) has described three subspecies: “‘coastal”’ 
S. a graffmani (Lénnberg, 1934), “‘offshore,’’ and 
“Hawaiian”’; the correct scientific names of the lat- 
ter two have not been determined. [For the spotted 
dolphins I provisionally use the specific names em- 
ployed by most recent authors, although their validi- 
ty is dubious. Other available names are S. dubia 
(G. Cuvier, 1812) and S. frontalis (G. Cuvier, 1829). ] 


Stenella plagiodon (Cope, 1866) (spotted dolphin; At- 
lantic spotted dolphin). 
Tropical and warm temperate waters of Atlantic 
Ocean. (See nomenclatorial note under preceding 
species). 


Stenella coeruleoalba (Meyen, 1833) (striped dol- 
phin). 
Widely distributed in temperate and tropical waters 
around the world. 


Genus DELPHINUS Linnaeus, 1758 


Delphinus delphis Linnaeus, 1758 (saddleback dol- 
phin). 
Widely distributed in warm temperate and tropical 
waters of all oceans, including the Black Sea. There 
is marked geographical variation in snout length and 


other features; the extremely longsnouted Arabian 
Sea form, D. d. tropicalis van Bree, 1971, may be a 
distinct species (van Bree and Purves 1972). 


Genus LAGENODELPHIS Fraser, 1956 


Lagenodelphis hosei Fraser, 1956 (shortsnouted 
whitebelly dolphin). 
Tropical and warm temperate waters of Indian and 
Pacific oceans. Recorded from Natal, Japan, 
Taiwan, Philippines, Borneo, northeastern Aus- 
tralia, and the central and eastern tropical Pacific. 


Genus LAGENORHYNCHUS Gray, 1846 


This genus contains two well-defined species in the 
North Atlantic and another in the North Pacific. Bier- 
man and Slijper (1947, 1948) regarded all Southern 
Hemisphere forms as conspecific, but Fraser (1966) 
showed that there are three distinct species. The species 
electra is now placed in a separate genus, 
Peponocephala. 


Lagenorhynchus albirostris (Gray, 1846) (whitebeak 
dolphin). 
North Atlantic from Davis Strait and Newfound- 
land east to the Barents Sea and North Sea (rarely 
to the southern British Isles). 


Lagenorhynchus acutus (Gray, 1828) (Atlantic 
whiteside dolphin). 
North Atlantic from Massachusetts and southern 
Greenland east to western Norway and the British 
Isles. 


Lagenorhynchus obliquidens Gill, 1865 (Pacific 
whiteside dolphin; hookfin dolphin). 
Waters off the coast of North America from 
southeastern Alaska to Baja California, and off the 
coast of Asia from the Kuril Islands to Japan. 


Lagenorhynchus obscurus (Gray, 1828) (dusky dol- 
phin). 
Temperate waters off South America, South Africa, 
Kerguélen Island, southern Australia, and New 
Zealand. Primarily a coastal species. 


Lagenorhynchus australis (Peale, 1848) (blackchin 
dolphin). 
Temperate waters off southern South America and 
the Falkland Islands. 


Lagenorhynchus cruciger (Quoy and Gaimard, 1824) 
(hourglass dolphin). 
Temperate waters of the Southern Ocean. A pelagic 
species, found chiefly in waters immediately north of 
the Antarctic Convergence. 


Genus CEPHALORHYNCHUS Gray, 1846 


Four species are recognized (Harmer 1922). 


Cephalorhynchus commersonit (Laceépéde, 1804) 
(piebald dolphin; Jacobite). 
Atlantic coast of South America from Golfo San 
Matias to Tierra del Fuego; Falkland Islands; South 
Georgia; and Kerguélen Island. 


Cephalorhynchus eutropia (Gray, 1846) (black dol- 
phin; Chilean dolphin). 
Coast of Chile between lat. 37° and 55°S. 


Cephalorhynchus heavisidti (Gray, 1828). 
Coastal waters from Cape of Good Hope north to 
Cape Cross, South West Africa (P. B. Best, pers. 
commun.). 


Cephalorhynchus hectori (van Beneden, 1881) (pied 
dolphin; whitefront dolphin). 
Coastal waters of New Zealand. 


Genus LISSODELPHIS Gloger, 1841 


The two species of this genus differ, as far as is known, 
mainly in color pattern, and they should perhaps be 
regarded as subspecies of a single species. 


Lissodelphis borealis (Peale, 1848) (northern right- 
whale dolphin). 
Temperate waters of the North Pacific from Japan 
and the Kurils to British Columbia and California. 
Individuals from Japan with a variant color pattern 
have been named L. b. albiventris Nishiwaki, 1972. 


Lissodelphis peronu (Lacépéde, 1804) (southern right- 


whale dolphin). 
Temperate waters of the Southern Ocean. 


Genus GRAMPUS Gray, 1828 


Grampus griseus (G. Cuvier, 1812) (whitehead gram- 
pus; gray grampus). 
All temperate and tropical seas. 


Genus PEPONOCEPHALA Nishiwaki and Norris, 1966 


Peponocephala electra (Gray, 1846) (little blackfish; 
many-toothed blackfish; melon-head blackfish). 
Tropical Atlantic, Indian, and Pacific oceans. 


Genus FERESA Gray, 1871 
Feresa attenuata Gray, 1875 (pygmy killer whale). 
Tropical and warm temperate waters of the Atlan- 
tic, Indian, and Pacific oceans. 


Genus PSEUDORCA Reinhardt, 1862 


Pseudorca crassidens (Owen, 1846) (false killer whale). 
All temperate and tropical seas. 


Genus GLOBICEPHALA Lesson, 1828 


There appear to be two well-defined species, the ranges 
of which overlap off the middle Atlantic coast of the 
United States, off southern Europe, off South Africa, and 
perhaps elsewhere (van Bree 1971). 


Globicephala melaena (Traill, 1809) (longfin pilot 

whale). 
Nominate subspecies in the cool temperate North 
Atlantic Ocean; G. m. edwardit A. Smith, 1834, 
throughout cool temperate waters of the Southern 
Hemisphere. The validity of the subspecific distinc- 
tion is questionable. Occurred in the North Pacific 
(near Japan) until at least the 10th century A.D. 
(Kasuya 1975). 

Globicephala macrorhynchus Gray, 1846 (shortfin 

pilot whale). 
Tropical and warm temperate waters of the Atlan- 
tic, Indian, and Pacific oceans. Globicephala 
sieboldi Gray, 1846, of the North Pacific is con- 
specific with G. macrorhynchus, although it may be 
recognizable at the subspecific level. (The specific 
name is usually spelled macrorhyncha, but it is a 
noun in apposition, not an adjective, so must retain 
its original gender.) 


Genus ORCINUS Fitzinger, 1860 


Orcinus orca (Linnaeus, 1758) (killer whale). 
All oceans, chiefly in coastal waters and cooler 
regions. 


Genus ORCAELLA Gray, 1866 


Orcaella brevirostris (Gray, 1866) (Irrawaddy dol- 
phin; lumbalumba). 
Coastal waters from the Bay of Bengal east to New 
Guinea and northern Australia; ascends far up the 
Mekong, Irrawaddy, Ganges, and other rivers. 


Genus PHOCOENA G. Cuvier, 1817 


The genus includes four species (Norris and McFar- 
land 1958; Noble and Fraser 1971). 


Phocoena phocoena (Linnaeus, 1758) (harbor por- 

poise). 
Coastal waters of the North Atlantic from Delaware 
and Sénégal north to Davis Strait, Iceland, and the 
White Sea; coastal waters of the North Pacific from 
Japan and Baja California north to Point Barrow, 
Alaska. An isolated population in the Black Sea has 
been named P. p. relicta Abel, 1905. 


Phocoena sinus Norris and McFarland, 1958 (vaquita; 
cochito; Gulf of California porpoise). 
Upper Gulf of California; sight records farther south 
are questionable. 
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Phocoena dioptrica Lahille, 1912 (spectacled por- 
poise). 
Coast of Argentina and Uruguay; the Falkland Is- 
lands; and South Georgia. 


Phocoena spinipinnis Burmeister, 1865 (black por- 
poise). 
East coast of South America from Uruguay to 
Patagonia; west coast from Paita, Peru, to Valdivia, 
Chile. 


Genus NEOPHOCAENA Palmer, 1899 


Neophocaena phocaenoides (G. Cuvier, 1829) (finless 

porpoise). 
Warm coastal waters and certain rivers from Pakis- 
tan east to Korea, Japan, Borneo, and Java. (The 
type-specimen allegedly came from the Cape of 
Good Hope, but Peter Best (pers. commun.) stated 
that there are no. indisputable South African 
records.) Specimens from China and Japan differ 
from Indian Ocean specimens, and are best regarded 
as a subspecies, N. p. asiaeorientalis (Pilleri and 
Gihr, 1971), rather than a full species as originally 
described (van Bree 1973). More recently Pilleri and 
Gihr (1975) have differentiated three allopatric 
forms which they arbitrarily rank as species: N. 
Phocaenoides from Pakistan to Borneo, N. 
astaeortentalis from China, and N. sunameri Pilleri 
and Gihr, 1975, from Japan and Korea. Their pub- 
lished data are inadequate to reveal whether the 
Japanese and Chinese populations are sufficiently 
separable to warrant recognition of sunameri even as 
a subspecies. 


Genus PHOCOENOIDES Andrews, 1911 


Phocoenoides_ dallit 

whiteflank porpoise). 
Immediate offshore waters of the North Pacific from 
Japan and southern California north to the southern 
Bering Sea. ‘““True’s porpoise” is a color phase 
localized in Japanese waters. 


(True, 1885) (Dall porpoise; 


Family MONODONTIDAE 
Some authors have included the narwhal and beluga in 
the family Delphinidae. 


Genus DELPHINAPTERUS Lacépéde, 1804 


Delphinapterus leucas (Pallas, 1776) (beluga; belukha; 

white whale). 
Arctic Ocean and adjacent seas; including Okhotsk 
and Bering Seas, and James Bay; isolated pop- 
ulations occur in Cook Inlet, Alaska, and the Gulf of 
St. Lawrence; ascends several hundred miles up 
larger rivers of Siberia and Alaska. Some authors 
recognize three subspecies: a large one, D. l. 
dorofeevi Barabash and Klumoy, 1935, from the 


Okhotsk Sea; a small one, D. 1. marisalbi 
Ostroumov, 1935, in the Barents and White seas; 
and a medium-sized one, D. /. leucas, in the rest of 
the range. However, geographical variation is more 
complex than this classification suggests (Sergeant 
and Brodie 1969). 


Genus MONODON Linnaeus, 1758 


Monodon monoceros Linnaeus, 1758 (Narwhal). 
North polar seas, mainly in deep waters. 


Family PHYSETERIDAE 


The genus Kogia is sometimes placed in a separate 
family (Kogiidae). 
Genus PHYSETER Linnaeus, 1758 

Physeter macrocephalus Linnaeus, 1758 
whale). 

All oceans (except polar ice fields). (For use of this 


name instead of P. catodon Linnaeus, 1758, see 
Husson and Holthuis 1974.) 


(sperm 


Genus KOGIA Gray, 1846 


Handley (1966) has reviewed the distinguishing 
features of the two species in this genus. 


Kogia breviceps (de Blainville, 1838) (pygmy sperm 
whale). 
World-wide in tropical and warm temperate waters. 


Kogia simus Owen, 1866 (dwarf sperm whale). 
The seas adjacent to South Africa, India, Ceylon, 
Japan, Hawaii, California, Baja California, and 
eastern United States. 


Family ZIPHIIDAE 


See Moore (1968) for diagnoses of the genera. 
Genus BERARDIUS Duvernoy, 1851 


Two allopatric species are recognized. The North 
Pacific form differs from the Southern Hemisphere form 
chiefly by its much larger size. Possibly it should be 
regarded as only a subspecies of the Southern Hemi- 
sphere form. 


Berardius arnuxii Duvernoy, 1851 (southern giant bot- 
tlenose whale). 
Southern Ocean; known from South Australia, New 
Zealand, Argentina, Falkland Islands, South 
Georgia, South Shetlands, South Africa, and off the 
Antarctic Peninsula. 


Berardius bairdii Stejneger, 1883 (North Pacific giant 
bottlenose whale). 
North Pacific from Japan and southern California 
north to the Bering Sea. 
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Genus ZIPHIUS G. Cuvier, 1823 


Ziphius cavirostris G. Cuvier, 1823 (goosebeak whale). 
All temperate and tropical seas. 


Genus TASMACETUS Oliver, 1937 


Tasmacetus shepherdi Oliver, 1937. 
Known only from a few specimens stranded in New 
Zealand, Chile, and Argentina. 


Genus INDOPACETUS Moore, 1968 


The one species of this genus was formerly included in 
Mesoplodon. 


Indopacetus pacificus (Longman, 1926) (Indo-Pacific 
beaked whale). 
Known from only two specimens stranded at 
Mackay, Queensland, Australia, and Danane, 
Somalia. 


Genus HYPEROODON Lacépéde, 1804 


Two well-defined species are recognized: one in the 
North Atlantic, the other in the Southern Hemisphere. 
The latter constitutes subgenus Frasercetus Moore, 1968. 
The occurrence of Hyperoodon in the North Pacific has 
never been verified, and most if not all published records 
of its occurrence there are based on misidentification of 
Berardius. Beaked whales possibly referable to 
Hyperoodon are taken by whalers off the Okhotsk Sea 
coast of Hokkaido, but to date none has been examined 
by a biologist (M. Nishiwaki, pers. commun.). 


Hyperoodon ampullatus (Forster, 1770) (North Atlan- 
tic bottlenose whale). 
North Atlantic from Davis Strait and Novaya 
Zemlya south to Rhode Island and the English 
Channel; doubtfully recorded from the Mediter- 
ranean Sea. 


Hyperoodon planifrons Flower, 1882 (flathead bot- 
tlenose whale). 
Southern Ocean; known from Australia, New 
Zealand, Argentina, the Falkland Islands, South 
Georgia, the South Orkney Islands, South Africa, 
and off the coast of Antarctica in the Pacific and In- 
dian Ocean sectors. 


Genus MESOPLODON Gervais, 1850 


Eleven species are currently recognized by Moore 
(1968). Mesoplodon pacificus is now placed in a separate 
genus, Indopacetus. Mesoplodon layardii is placed in the 
subgenus Dolichodon Gray, 1871; M. densirostris in the 
subgenus Dioplodon Gervais, 1850; and the remaining 
species are placed in subgenus Mesoplodon. 


Mesoplodon hectori (Gray, 1871). 
Known only from Tasmania, New Zealand, the 
Falkland Islands, and South Africa. 


Mesoplodon mirus True, 1913. 
North Atlantic from Florida and Nova Scotia east to 
the British Isles; an apparently isolated population 
in temperate waters off South Africa. 


Mesoplodon europaeus (Gervais, 1855) (Antillean 
beaked whale; Gulf Stream beaked whale). 
Western North Atlantic from Trinidad, Jamaica, 
and the Gulf of Mexico, to Long Island, N.Y.; one 
record from the English Channel. 


Mesoplodon ginkgodens Nishiwaki and Kamiya, 1958 
(ginkgo-tooth whale). 
Recorded from Ceylon, Taiwan, Japan, and Califor- 
nia. 


Mesoplodon grayi von Haast, 1876 (scamperdown 
whale). 
South Africa, South Australia, New Zealand, 
Chatham Islands, and Argentina; one record from 
the Netherlands. 


Mesoplodon carlhubbsi Moore, 1963 (archbeak whale). 
Temperate waters of the North Pacific from Japan 
east to British Columbia and California. 


Mesoplodon bowdoint Andrews, 1908 (deepcrest 
whale). 
Known only from New Zealand, Tasmania, Western 
Australia, Victoria, and Kerguélen Island. 


Mesoplodon stejnegeri True, 1885 (sabertooth whale; 
Bering Sea beaked whale). 
Subarctic waters of the North Pacific from the Ber- 
ing Sea south to Japan and Oregon. 


Mesoplodon bidens (Sowerby, 1804) (North Sea beaked 
whale). 
Cool temperate waters of the North Atlantic from 
Newfoundland and Massachusetts east to southern 
Norway and the Bay of Biscay. 


Mesoplodon layardii (Gray, 1865) (straptooth whale). 
South Africa, southern Australia, New Zealand, and 
the Falkland Islands. 


Mesoplodon densirostris (de Blainville, 1817) (dense- 


beak whale; tropical beaked whale). 
Tropical and warm temperate waters of all oceans. 


SYNONYMS 


Listed below are generic and specific synonyms 
frequently appearing in recent literature. 
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In recent literature 


Arctocephalus doriferus 

A. elegans 

A. tasmanicus 

Arctophoca 

Balaena australis 

B. japonica 

B. sieboldi 

Balaenoptera bonaerensis 

B. brydet 

B. davidsoni 

B. huttoni 

Callorhinus alascensis 

C. curilensis 

C. cynocephalus 

C. mimicus 

Cephalorhynchus 
albifrons 

C. albiventris 

Delphinapterus dorofeevi 

D. friemani 

Delphinus bairdii 

D. capensis 

D. dussumteri 

D. longirostris 

D. roseiventris 

D. tropicalis 

Electra 

Eschrichtius gibbosus 

E. glaucus 

Eubalaena 

Eumetopias stelleru 

Feresa intermedia 

F. occulta 

Globicephala brachyptera 


G. edwardii 

G. lewcosagmaphora 
G. scammonit 

G. sieboldit 
Grampidelphis 
Grampus orca 

G. rectipinna 
Gypsophoca 
Histriophoca 
Hydrodamalis stelleri 
Hyperoodon rostratus 


Lagenorhynchus electra 
L. fitzroyi 

L. ognevt 

L. superciliosus 

L. thicolea 

L. wilsont 

Megaptera nodosa 
Meomeris 

Mesoplodon gervaist 


M. hotaula 
M. pacificus 


In present list 


Arctocephalus pusillus 
A. tropicalis 
A. pusillus 
Arctocephalus 
Balaena glacialis 
B. glacialis | 
B. glacialis | 
Balaenoptera acutorostrata 
B. edeni 
B. acutorostrata 
B. acutorostrata 
Callorhinus ursinus 
C. ursinus 
C. ursinus 
C. ursinus 
Cephalorhynchus 

hectori 
C. eutropia 
Delphinapterus leucas 
D. leucas 
Delphinus delphis 
D. delphis 
D. delphis 
D. delphis 
Stenella longirostris 
Delphinus delphis 
Peponocephala 
Eschrichtius robustus 
E. robustus 
Balaena 
Eumetopias jubatus 
Feresa attenuata 
F. attenuata 
Globicephala 

macrorhynchus 
G. melaena 
G. melaena 
G. macrorhynchus | 
G. macrorhynchus 


Grampus 

Orcinus orca 

O. orca 

Arctocephalus 

Phoca 

Hydrodamalis gigas 
Hyperoodon ampullatus 
Peponocephala electra 
Lagenorhynchus obscurus 
L. obliquidens 

L. obscurus 


Lagenorhynchus sp.? 

L. cruciger 

Megaptera novaeangliae 
Neophocaena 
Mesoplodon europaeus 


M. gingkodens 
Indopacetus pacificus 


Monachus albiventer 
Neobalaena 
Neomeris 
Neophoca hookeri 
N. lobatus 

Nodus 

Odobenus divergens 
Orcaella fluminalis 
Orcella 

Orcinus rectipinna 
Otaria byronia 
Pagophilus 

Phoca insularis 

P. kurilensis 

P. richardii 
Phocoena vomerina 
Phocoenoides truet 
Physeter catodon 
Platanista indi 
Prodelphinus 

Pusa 
Rhachianectes 
Rhytina 

Sibbaldus 

Sotalia borneensis 
S. brasiliensis 

S. chinensis 

S. gadamu 

S. guianensis 

S. lentiginosa 

S. pallida 

S. plumbea 

S. sinensis 

S. teuszit 

S. tucuxt 

Sousa borneensis 
S. lentiginosa 

S. plumbea 

S. queenslandensis 
Stenella alope 

S. dubia 

S. euphrosyne 

S. frontalis 

S. graffmani 

S. malayana 


S. microps 
S. pernettensis 
S. roseiventris 
S. styx 
Steno rostratus 

’ Stenodelphis 
Stenorhinchus 
Stenorhynchus 
Susu 
Thalarctos 
Trichechus latirostris 
Tursiops abusalum 
T. aduncus 
T. catalania 


Monachus monachus 

Caperea 

Neophocaena 

Phocarctos hookeri 

Neophoca cinerea 

Mesoplodon 

Odobenus rosmarus 

Orcaella brevirostris 

Orcaella 

Orcinus orca 

Otaria flavescens 

Phoca 

Phoca vitulina 

P. vitulina 

P. vitulina 

Phocoena phocoena 

Phocoenoides dallit 

Physeter macrocephalus 

Platanista minor 

Stenella 

Phoca 

Eschrichtius 

Hydrodamalis 

Balaenoptera 

Sousa chinensis 

Sotalia fluviatilis 

Sousa chinensis 

Tursiops truncatus 

Sotalia fluviatilis 

Sousa chinensis 

Sotalia fluviatilis 

Sousa chinensis 

S. chinensis 

S. teus2it 

Sotalia fluviatilis 

Sousa chinensis 

S. chinensis 

S. chinensis 

S. chinensis 

Stenella longirostris 

Stenella (?) attenuata 

S. coeruleoalba 

Stenella (?) attenuata 

S. attenuata 

Sousa chinensis (fide 
van Bree, pers. commun.) 

Stenella longirostris 

Stenella (?) plagiodon 

S. longirostris 

S. coeruleoalba 

Steno bredanensis 

Pontoporia 

Hydrurga 

Hydrurga 

Platanista 

Ursus 

Trichechus manatus 

Tursiops truncatus 

T. truncatus 

T. truncatus 
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T. gadamu T. truncatus 
T. gullii T. truncatus 
T. nesarnack T. truncatus 
T. nuuanu T. truncatus 


Neophoca cinerea 
Zalophus californianus 
Neophoca cinerea 
Zalophus californianus 


Zalophus cinereus 
Z. japonicus 

Z. lobatus 

Z. wollebaeki 
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Annual Physical and Chemical Oceanographic Cycles 


of Auke Bay, Southeastern Alaska 


HERBERT E. BRUCE, DOUGLAS R. McLAIN, and BRUCE L. WING' 


ABSTRACT 


The annual cycles of physical and chemical oceanographic conditions in Auke Bay, a small 
estuary in southeastern Alaska, showed a consistent pattern over an 8-yr period (1961-68). The cycles 
closely followed seasonal climatological and atmospheric events. Increased insolation in the spring 
caused general warming of the surface water and the air, which in turn increased the freshwater in- 
put into Auke Bay from melting snow and ice. The fresh water lowered surface salinities and together 
with warming of the surface waters caused a density stratification of the water column, which in- 
creased as the spring-summer season progressed. Maximum stratification occurred in August, fol- 
lowed by a general decay of stratification in September. Vertical mixing of the top 20 m of the water 
column by fall storms in September and cooling of surface water resulting from decreased insolation 
set up a thermohaline circulation that continued through the fall and early winter. The water column 
became homogeneous by January and remained thoroughly mixed from January through March or 
early April. 

Auke Bay was rich in the inorganic nutrients phosphate, silicate, and nitrate. Spring 
phytoplankton blooms followed the onset of stratification and drastically reduced the concentration of 
all three nutrients in the surface water. Nitrate was essentially depleted and remained so throughout 
the summer. Low nitrate availability was undoubtedly one of the important factors limiting primary 


production in Auke Bay. 
INTRODUCTION 


Auke Bay is one of the many small bays along the 
major straits and passages of the inside waters of 
southeastern Alaska. Although these bays represent a 
small percentage of the total water mass of the area, they 
are important as spawning and nursery grounds for 
several species of fish and shellfish. Streams tributary to 
Auke Bay are spawning grounds for four species of salm- 
on: pink, Oncorhynchus gorbuscha; chum, O. keta; 
coho, O. kisutch; and sockeye, O. nerka. Herring, Clupea 
harengus pallasi; king crabs, Paralithodes camtschatica 
and P. platypus; snow crab, Chionoecetes bairdi; and 
other species of commercial and recreational value 
spawn in the bay itself. 

Several reports describe aspects of physical and 
chemical oceanography of small bays and estuaries in 
southeastern Alaska. Barnes et al. (1956) made an in- 
tensive survey (including some biological observations) 
of Silver Bay on Baranof Island near Sitka before con- 
struction of a pulp mill. Powers (1963) examined Little 
Port Walter at the southern end of Baranof Island. The 
U.S. Federal Water Pollution Control Administration 
(1966) made surveys of Gastineau Channel and Fritz 
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Cove near Juneau and of Silver Bay and Ward Cove near 
Ketchikan in the summer of 1965. McLain (1968) sur- 
veyed Traitors Cove on Revillagigedo Island. McLain 
(1969) described seasonal changes in oceanographic con- 
ditions in Lynn Canal. Nebert and Matthews (1972) 
described the circulation of Endicott Arm. Most of these 
studies were less than 2-yr duration, not long enough to 
separate short-term and protracted hydrographic dis- 
turbances known to occur in natural environments. 
Therefore, in our study of Auke Bay, the objective was 
to describe the annual cycles of oceanographic con- 
ditions in the bay over several years. In this way the 
complete annual cycle and the range of natural environ- 
mental variability could be identified. From this infor- 
mation the biological consequences of normal cycles and 
anomalous oceanographic conditions could be assessed. 


DESCRIPTION OF STUDY AREA 
Physiography and Geology 


Auke Bay is one of a large number of small embay- 
ments off a system of large fiords connecting with the 
open ocean (Fig. 1). It is located at lat. 58°22'N and long. 
134°40'W, 19.3 km northwest of Juneau, Alaska, and 
about 130 km inland from the open Gulf of Alaska. The 
bay covers an area of about 11 km?’ and contains several 
small islands and reefs. 

The bottom topography of the bay is irregular, and 
submarine gulleys and mounts are quite common (Fig. 
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Figure 1.—Auke Bay, Alaska, and surrounding area. 


2). The maximum depth, 100 m, is near the south end of 
Coghlan Island; depths of 40 to 60 m are common over 
much of the bay. 

Auke Bay is not a fiord-type estuary of the form de- 
scribed by Pritchard (1952), but is a small tributary em- 
bayment to a system of large fiords. Lynn Canal-Icy 
Strait-Chatham Strait and Stephens Passage-Frederick 
Sound-Chatham Strait are major interconnected pas- 
sages in southeastern Alaska and provide communication 
between Auke Bay and the Gulf of Alaska. The entire 
region was heavily glaciated during the Pleistocene 
Eopch. Martin and Williams (1924) concluded that gla- 
cial deepening of a preexisting river valley was the pri- 
mary process in the formation of the Chatham Strait- 
Lynn Canal fiord. Auke Bay may have formed as a side 
valley of the larger fiord system. 


Climatology 


Auke Bay lies within that part of the maritime 
province extending along the northwest coast of North 
America. Winds in this area are predominantly southerly 
off the Pacific Ocean. These warm, moisture-laden winds 
strike the high coastal ranges and result in abundant 
precipitation, little sunshine, and moderate air 
temperatures. Observations by the National Weather 
Service at the Juneau Airport 3 km east of Auke Bay are 


that precipitation in the area is lightest in the spring and © 
heaviest in the fall (Fig. 3). Between February and May 
the average monthly precipitation rate is fairly constant 
(the monthly average for 1931-60 was 6.6 cm). Precipita- | 
tion increases rapidly in June and reaches a maximum in | 
October (the 30-yr average for October 1931-60 was 21.3 | 
cm). After the October maximum, precipitation — 
decreases until February. 

The average monthly insolation for the Auke Bay area 
from 1959 to 1962 is shown in Figure 4. Insolation, which © 
we estimated from cloud cover data, is a predominant 
factor in controlling seasonal cycles of air and sea sur- 
face temperature. Data from Roden (1959) on the total 
amount of radiation received at sea level under cloudless 
skies were converted to insolation under cloud cover ac- 
cording to the equation of Sverdrup et al. (1942): 


Q, = Q,(1-0.071 C) 


where Q, = radiation received at sea level adjusted for — 
cloud cover 


Q, = total incoming radiation under cloudless © 
skies i 
C = amount of clouds (in tenths of sky covered). 


*The average was calculated from data in the U.S. Weather Bureau’s 
annual publication Climatological Data, vols. 17-46, Alaska section (No. 
13). 
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Figure 2.—Bathymetry of Auke Bay, Alaska, and locations of oceanographic stations. 
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Figure 3.—Average monthly precipitation (cm of water) at 


Juneau airport, 1931-60. (See text footnote 2.) 
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Figure 4.—Monthly averages of daily insolation (g-cal/cm?/day) in 
Auke Bay area, 1959-62. (See text for calculation of insolation.) 


Runoff 


The streams entering directly into Auke Bay are small 
and drain low-elevation (less than 900 m) forested areas. 
The streams are fed by rainfall and melting winter 
snows, and discharge from them has several maxima and 
minima each year that vary in timing from year to year. 
These are Auke Creek, Auke Nu Creek, Wadleigh Creek, 
and several smaller unnamed streams. 

The larger more distant Mendenhall River and Lemon 
Creek discharge into Fritz Cove and Gastineau Channel 
adjacent to Auke Bay. Their waters eventually enter 
Auke Bay. The watersheds of these larger streams are 
rocky slopes, ice and snow fields, and glaciers. The 
monthly discharge follows an annual cycle, with a single 
minimum in February or March and a single maximum 
in July (U.S. Geological Survey 1964). The winter 
minimum is caused by a decreased rate of snowmelt at 
higher elevation and the summer maximum by a com- 
bination of increased snowmelt and moderate precipita- 
tion. 


Tides 


The tides in Auke Bay are semidiurnal and show diur- 
nal inequality. The mean tidal range is slightly more 
than 4 m (U.S. Coast and Geodetic Survey 1962). Spring 
tides exceed this by almost 2 m. The times and heights of 
high and low water are nearly the same over the entire 
Auke Bay area. 


PHYSICAL AND CHEMICAL 
OCEANOGRAPHIC FEATURES 
OF AUKE BAY 


The Northwest and Alaska Fisheries Center Auke Bay 
Laboratory has collected descriptive physical and 
chemical oceanographic data in Auke Bay since 1959. 
These oceanographic observations have been parts of a 
variety of projects with differing needs and goals, so the 
schedules and types of observations have varied over the 
years. The seasonal cycles described in this report are 
derived primarily from data collected from 1961 to 1967, 
supplemented by some earlier and later observations. 

Five oceanographic stations (Fig. 2) were occupied 
monthly during 1961-63. The local variations within the 
bay were relatively small when compared with the fre- 
quent transient vagaries. Oceanographic properties ap- 
peared to be homogeneously distributed over the area of 
the bay, and differences were usually within the limits of 
error in our measurements. Consequently, beginning in 
March 1963, the five stations were replaced with a single 
midbay station, Auke Bay Monitor (ABM, Fig. 2) which 
was monitored monthly for 1 yr. From March 1964 
through July 1967, the ABM station was occupied ap- 
proximately weekly in order to define more precisely 
short-term variations in oceanographic conditions as- 
sociated with use of amino acids as a nitrogen source by 
the phytoplankton (Bruce 1969). 


The observations were made with conventional Nan- 
sen bottles and reversing thermometers from the 
research vessels Sablefish and Murre II and from various 
small boats. The accuracy of the temperature 
measurements was estimated +0.05°C. Salinities during 
the years 1959-64 were measured by titration, accurate to 
+0.01°/.. , and later by salinometer, accurate to 
+0.05°/o0. Concentration of dissolved oxygen was 
measured by the conventional Winkler technique, ac- 
curate to +0.1 ml/liter. Phosphates, nitrates, and 
silicates were determined by the methods of Strickland 
and Parsons (1960) and are believed within the precision 
limits of +0.05, +0.3, and +3.0 ywg-at./liter respectively. 


Temperature 


Water temperature is one of the most important 
characteristics of marine environments. The dis- 
tribution of water temperature and salinity influences 
the physical mixing properties of the water. In addition, 
temperatures, along with salinities, are useful in iden- 
tifying masses of water and in monitoring changes in 
physical and chemical properties of marine environ- 
ments. Finally, temperature and temperature changes 
affect metabolism and other processes in marine plants 
and animals. Accordingly, this subject has been more 
fully investigated than any other physical factor. 

The surface water temperature in Auke Bay ranged 
from less than 2° to 17°C; an extended minimum oc- 
curred between January and March and a maximum in 
August (Fig. 5). Sea surface temperatures were greater 
than the maximum air temperatures during the months 
of November to February, reflecting large heat losses to 
the atmosphere during the winter. Temperature 
variations were greatest at the surface and decreased 
with increasing depth (Fig. 6). At a depth of 50 m, the 
temperature ranged from 2° to 7.8°C. The month of max- 
imum water temperature was progressively later in the 
summer at progressively greater depths. For example, 
the surface maximum was reached in August, and the 
maximum at 50 m was reached in October or November. 

During the year vertical temperature profiles change 
from well mixed to strongly stratified (Fig. 7). In January 
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Figure 5.—Monthly averages of daily maximum and minimum air 
temperatures (°C) recorded at Juneau, Alaska, airport and of sea 
surface temperature (°C) at Auke Bay, Alaska, 1959-62. 


TEMPERATURE (°C) 


MONTH 


Figure 6.—Observed water temperatures (°C) at selected depths in 
Auke Bay, Alaska, 1960-68. 


the water column is isothermal to a depth of 50 m. In 
April the surface waters begin to warm and start develop- 
ment of a thermocline. Between April and July, surface 
warming continues and by late July extends from 10 m. 
A lesser gradient in temperature exists from 10 to 30 
m, and below 30 m the temperature changes very little. 
In the thermocline proper, a 10°C temperature dif- 
ference may be encountered in July and August. After 
mid-September, the thermocline decays because of 
radiant heat losses and mixing by fall storms. The effect 
of storms is to change the distribution of heat, as illus- 
trated by the decrease in the temperature of the surface 
waters to a depth of 10 m and a warming of the water 
below 10 m by vertical mixing. Between October and 
January, vertical mixing and cooling of the surface water 
continue, and in January conditions are again isother- 
mal to a depth of 50 m. 


Salinity 


If we exclude those areas close to the outflow of large 
Tivers or close to melting ice, the salinities of the world’s 
oceans range from 32 to 38°/... The salinities of es- 
tuaries, however, are much more variable in time and 
space, ranging from near zero to more than 30°/... This 
wide variation is important as a selective agency in 
determining the composition and structure of biological 
communities. 
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Figure 8.—Observed salinities (°/.,. ) at selected depths in Auke Bay, 
Alaska, 1960-68. 


Variation of salinity at selected depths in Auke Bay 
from 1960 to 1968 is shown in Figure 8. In general, the an- 
nual cycle of salinity in the top 10 m was characterized 
by 1) a period from January to April when salinity 
remained between 29 and 31°/.., 2) a period between 
May and July-August when salinity decreased to a 
minimum of about 17°/.., and 3) a recovery period 
(September-December) when salinity increased again to 


the winter values. In deeper water (20 to 50 m) the salini- 
ty remained rather constant at 30 to 31°/oo through the 
year. The salinity of surface waters varied 3 to5°/oo ina 
few days during the spring-fall period while short-term 
variations in the deeper water seldom exceeded 1°/oo. 

Two distinct layers of water—surface (to 30 m) and 
deep (below 30 m)—appear in the vertical profiles of 
salinity in Auke Bay (Fig. 9). Between January and 
April, isohaline conditions exist from the surface to 50 m. 
The salinity of the surface layer decreases continuously 
from April through July or August, and a strong salinity 
gradient forms in the top 10 to 12 m. The strongest 
halocline occurs in July with salinities near 20°/oo at 5 
m, 27°/oo at 10 m, and 31°/oo at 30 m. Surface salinity 
remains low through September and increases in Oc- 
tober as a result of autumn storm mixing. The strong 
halocline of July and August is the result of peak runoff 
from the large, glacial-fed streams. Runoff from the low 
elevation, forested watersheds does not affect surface 
salinities as much as runoff from the glacial streams. 
Runoff from lower elevations peaks in both the spring 
and the fall, but not during the summer (McLain 1969). 
Often in the summer silty glacial Mendenhall River 
water intrudes from neighboring Fritz Cove into the 
clearer waters of Auke Bay. 
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Figure 9.—Typical profiles of salinity (°/..) in Auke Bay, Alaska, 


for January, April, July, and October; data are averages for 1960-68. 


Density 


Water density, a function of temperature and salinity, 
is used to identify water masses and to assess the stabili- 
ty or stratification and probable circulation of these 
water masses. Over the range of values observed in Auke 
Bay density is affected more by salinity variation than by 
temperature variation. 

The annual cycle of water density of Auke Bay from 
1960 to 1968 expressed in terms of o,* is shown in Figure 
10. The density of the surface water in Auke Bay varied 
over a range of o, values between 9 and 24. Density was 
greatest and varied little with depth from December to 
April. In late April, density began to decrease at the sur- 


*Sigma-t (o,) = 1,000 (p-1) where p is the density of the water. 


face and continued to decrease through July, reaching a 
minimum in August (mean minimum o, = 11.0). The 
change in o;, occurred progressively later with increasing 
depths (Fig. 10). The minimum o; at 30 m was 22.2 in 
October. At 50 m the density was relatively constant and 
had no obvious maximum or minimum. 

Figure 11 shows the seasonal vertical profiles of 
average o,. From January to April the water in Auke Bay 
is well mixed and the density is uniform from the sur- 
face to 50 m. From July to October there is a strong den- 
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Figure 10.—Observed densities (as o,) at selected depths in Auke 
Bay, Alaska, 1960-68. 
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Figure 11.—Typical profiles of density (as o,) in Auke Bay, Alaska, j 
for January, April, July, and October; data are averages for 1960-68. j 


sity gradient from the surface down to 30 m. The data for 
all years of this study show the same seasonal pattern of 
density distribution. 


Stability 


Stability of a water column‘ is determined by the rate 
of change of density with depth, the vertical gradient of 
density. Where stability is high, vertical movement and 
vertical mixing are inhibited. The water column in a 
strong vertical gradient of density (a marked pycnocline) 
is very stable, and much more energy is required to dis- 
place particles of water upward or downward than in a 
region where the gradient is weak. This mechanism 
greatly restricts the vertical transfer of water from the 
deep layer to the upper layer in Auke Bay. Tidal-in- 
duced turbulence is unable to penetrate the pycnocline. 

Table 1 gives numerical values for the stability of Auke 
Bay water during July and August 1965. All the stability 
values in Table 1 are positive and relatively high, in- 
dicating a highly stable water column. Data from other 
years show the same general density distribution as in 
1965; all depict a highly stable water column during the 
summer. The similarity between seasonal cycles of 
salinity and density in Auke Bay (Figs. 8 and 10) is ex- 
pected because of the strong dependency of density on 
salinity at the relatively low temperatures common in 
Auke Bay. 

The development of a stable water column is one of the 
most ecologically significant features of the 
oceanography of Auke Bay because stability of the water 


‘For depths to 100 m, stability (E) can be expressed by 


do 
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E= 100. 


(Sverdrup et al. 1942, p. 417), 


or in different form 
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column is a prerequisite for the onset of spring 
phytoplankton bloom (Riley 1942; Sverdrup 1953; Steele 
1966). Gilmartin (1964) found that seasonal variability in 
the stability of the water column in a British Columbia 
fiord was the primary factor controlling phytoplankton 
growth. We observed a strong burst of phytoplankton 
growth each year in April or early May as solar radiation 
increased and a stable water column began to form. It is 
clear that stratification has a pronounced effect on the 
basic productivity of Auke Bay throughout the spring- 
summer growing season. 


Dissolved Oxygen 


Oxygen is one of the common gases dissolved in 
natural waters and is critically important because of its 
key role in biological energy transfers. Although aquatic 
organisms respire efficiently at oxygen concentrations 
considerably below saturation values, metabolic rates 
and efficiencies are dependent on the availability of dis- 
solved oxygen. Consequently, the dissolved oxygen con- 
centration is a major determinant of the environmental 
quality of water. The oxygen requirement of organisms is 
given. generally in terms of absolute concentration ex- 
pressed in appropriate units such as ml/liter or mg/liter. 

Concentrations of dissolved oxygen at selected depths 
in Auke Bay are shown in Figure 12. Dissolved oxygen in 
the upper 5 m generally remained above 6 ml/liter, and 
spring and summer concentrations were above 8 ml/liter. 
Highest concentrations occurred from April through 
June and maximum observed value was 11.4 ml/liter. 
Below 10 m the concentration of dissolved oxygen 
decreased with depth. In winter the concentrations 
varied less with depths. The lowest concentrations of 
oxygen at or near the bottom occurred in September and 
October. 

The degree of oxygen saturation provides information 
on the relative intensities of processes which affect the 
oxygen content of the water. Supersaturation is ob- 
served frequently and is essentially a result of high 
photosynthetic activity by plants in the upper layer of 
the water. Under conditions of high solar radiation dur- 
ing the day and abundant nutrients, the rate of oxygen 
production may exceed the rate at which oxygen is given 


Table 1.—Stability (E)' at Auke Bay monitor station in July and August 1965. 


21 July 1965 10 August 1965 
Depth Temp. Salinity Temp. Salinity 

(m) (°C) (°/oo) Or 10°E (£C) (foo) Or 10°E 

0 13.48 16.30 11.94 16.55 16.30 11.37 
1,107 1,189 

10 7.84 29.50 23.01 7.98 29.85 23.26 
151 101 

20 5.82 31.10 24.52 6.21 30.85 24,27 
49 43 

30 4.76 31.57 25.01 5.66 31.30 24.70 
16 22 

50 4.28 31.90 25.32 4.70 31.72 25.13 


‘See text footnote 4. 
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Figure 12.—Observed concentrations of dissolved oxygen (ml/liter) 
at selected depths in Auke Bay, Alaska, 1960-68; data are observed 
concentrations. 


off at the surface, and supersaturation will occur. Ap- 
preciable supersaturation occurs in Auke Bay during the 
spring and summer, even down to 10 to 20 m (Fig. 13). 
This coincides with spring and summer phytoplankton 
blooms. Lowest concentrations of oxygen occur during 
the fall and winter when photosynthetic activity is reduc- 
ed and bacterial decomposition and chemical oxidation 
of detritus lower the oxygen content. 
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Figure 13.—Typical vertical profiles of percent saturation of dissolved 
oxygen in Auke Bay, Alaska, for January, April, July, and October; 
data are averages for 1960-68. 


Inorganic Nutrients 


The circulation of biologically active materials such as 
phosphate, silicate, and nitrate, as well as their dis- 
tribution in the water column, depends on biological and 
physical processes and differs in detail from the cir- 
culation and distribution of water and its conservative 
properties. Because these materials are dissolved com- 
ponents of water, they are affected by advective and 
eddy diffusion processes. In addition, they are ex- 
changed between the water and the biomass in a cyclic 
process. During periods of high biological activity, 
changes in the distribution and abundance of biological- 
ly active components of the water column may occur 
rapidly relative to changes due to physical processes 
alone. Thus, their study may add significantly to the 
physical description of an area. 

During our study in Auke Bay, there was a regular 
seasonal cycle in concentrations of inorganic phosphate, 
silicate, and nitrate (Figs. 14, 15, 16). Maximum con- 
centrations of all three nutrients occurred in winter 
(January-April), and all were uniformly distributed 


throughout the water column in this period. A rapid © 


reduction of the three nutrients above 20 m in April was 
associated with the outburst of phytoplankton growth. In 
each year of our study, we noticed a marked rise in num- 
bers of diatoms and chlorophyll concentrations and a 
corresponding drop in concentrations of phosphate, 
silicate, and nitrate (unpublished data on file North- 
west and Alaska Fisheries Center Auke Bay Laboratory). 
Once stability is established in spring, high levels of 
photosynthetic activity rapidly deplete the available 
nutrients because vertical advection of nutrients into the 
surface is inhibited by the stability of the water column. 

Raymont (1963) reviewed the distribution and amounts 
of phosphate, silicate, and nitrogen throughout the world 
oceans, including many of the important coastal and in- 
shore areas. In comparison with other nutrient-rich 
coastal and inshore environments, the amounts of these 
materials in Auke Bay water were relatively high. Friday 
Harbor in western Washington had some of the highest 
observed concentrations of both phosphate and 
nitrate—about 1.8 wg-at./liter of phosphate an'd 21.0 yg- 
at./liter of nitrate (Raymont 1963). Riley and Conover 
(1956) found maximum phosphate and nitrate concen- 
trations in Long Island Sound of 1.9 and 17.0 ug-at./liter, 
respectively. Maximum concentrations in Auke Bay were 
3.5 ug-at./liter of phosphate and 26.0 ug-at./liter of 
nitrate. Maximum silicate concentrations in Auke Bay 
were also comparatively high—70.0 ug-at./liter. This is 
significantly greater than the maximum values reported 
for the English Channel, 5.0 ug-at./liter, or for Friday 
Harbor, 53 ug-at./liter (Raymont 1963). The highest 
silicate concentration reported anywhere was 160 pg- 
at./liter in the deep water of the North Pacific Ocean 
(Raymont 1963). 

In general, throughout the summer, phosphate values 
in Auke Bay in the upper 5 m tended to remain low, al- 
though there were some fluctuations. Minimum concen- 
trations of phosphate observed in surface water were 
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Figure 14.—Observed concentrations of inorganic phosphate (,g-at./ 
liter) at selected depths in Auke Bay, Alaska, 1963-67. 


between 0.30 and 0.20 wg-at./liter, versus a winter high of 
3.0 to 3.5 wg-at./liter (Fig. 14). 

Short-term increases in phosphate concentrations in 
the top 5 m from May through August did not have a 
strong coincidence with periods of increased runoff. 
Hence, freshwater input was discounted as a significant 
cause of increases in nutrients, including phosphate, over 
short time periods (3 to 7 days). Studies by Curl, Iver- 
son, and Conners’ showed that tidal effects in Auke Bay 
were not sufficient to mix nutrient-rich water into the 
euphotic zone, but that wind-induced mixing through 
the pycnocline could be caused by winds of 4°m/s per- 
sisting for 24 h or longer. 

Although the causes of fluctuation in phosphate levels 
are not clear, the most probable causes are regeneration 
of inorganic phosphate from organically bound phos- 
phate and wind-induced vertical mixing of inorganic 
phosphate through the pycnocline. Laboratory 
measurements of the rate of phosphate regeneration 

- (Cooper 1935) indicate that up to one-half of the total 
phosphorous content of decomposing plankton appears 
in soluble form within 24 h. 


*Curl, H. C., Jr., R. L. Iverson, and H. B. O’Conners, Jr. 1971. Pela- 
gic ecology of biological production in Auke Bay, Alaska. Final report to 
_ National Marine Fisheries Service, Auke Bay Fisheries Laboratory, Auke 
Bay, Alaska, Contract 14-17-0005-207. 
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Figure 15.—Observed concentrations of dissolved silicate (yg-at./ 
liter) at selected depths in Auke Bay, Alaska, 1963-67. 


The silicate cycle in Auke Bay (Fig. 15) generally 
paralleled the phosphate cycle; this similarity was also 
demonstrated by Richards (1958) in the western Atlan- 
tic. Studies in the English Channel by Atkins (1930) 
showed that silicate was depleted and regenerated simul- 
taneously with phosphate. 

While phosphate and silicate in Auke Bay had the 
same general seasonal patterns of distribution, some dif- 
ferences appear when the data are examined in detail: 
short-term variation in concentration of phosphate oc- 
curred primarily in the upper 5 m of the water column 
(Fig. 14); the greatest variations in silicate occurred 
between 10 and 20 m (Fig. 15). Variability in the con- 
centration of silicate throughout the water column in 
Auke Bay is generally greater than it is for phosphate. 

Minimum silicate concentrations of 2 to 4 ug-at./liter 
occurred in the surface water of Auke Bay during July, 
August, and September (Fig. 15). Short-term increases 
occurred in late June and early July, when the propor- 
tion of dinoflagellates (phytoplankton which do not 
utilize silicate) to diatoms was quite high. We inter- 
preted this increase as a reflection of the difference in 
rate of uptake by the relatively small number of diatoms 
present and the rate of in situ regeneration, plus advec- 
tive input. 

Maximum silicate concentration of about 60 ug- 
at./liter occurred throughout the water column from 
December through the middle of March—a high concen- 


tration even for inshore waters. Offshore waters usually 
contain an order of magnitude less silica, although the 
level is quite variable. 

The nitrate cycle in Auke Bay paralleled in general the 
phosphate and silicate cycles. Maximum concentrations 
of 24 to 28 ug-at./liter were present throughout the water 
column during the winter period (Fig. 16). The reduc- 
tion of nitrate in the top 5 m from 24-28 wg-at./liter to 0.5 
ug-at./liter with the outburst of phytoplankton growth in 
April is more drastic than in phosphate and silicate. 

The short-term fluctuations that occurred in concen- 
trations of phosphate and silicate did not occur in nitrate 
concentrations. The top 5 m were essentially depleted of 
nitrate by May and remained impoverished through 
August. We attribute this to a slow regeneration rate of 
nitrate from organic combinations, which according to 
the experiments by Brand and Rakestraw (1941) requires 
3 or 4 mo. Riley (1967) presented indirect evidence that 
the nitrogen cycle is significantly slower than the phos- 
phate cycle. 

The summer pycnocline is enough of a barrier to pre- 
vent nitrate from reaching the surface in any significant 
quantity (this is true also for phosphate and silicate), ex- 
cept during periods when wind velocity is at least 4 m/s 
for at least 24 h. Periodic measurements of the nitrate 
content of fresh water entering Auke Bay show that only 
negligible amounts of nitrate enter the bay from these 
sources.” 


SUMMARY 


This study has described temporal variation in 
oceanographic conditions over an 8-yr period and 
provides background information on environmental 
variability for future detailed studies of the ecology of 
Auke Bay. Salient environmental features of an annual 
cycle in Auke Bay are summarized below. 

Auke Bay is about 130 km from the open ocean and is 
relatively isolated from direct oceanic moderation and 
from major circulation patterns of the main passages and 
straits in southeastern Alaska. The bay is strongly in- 
fluenced by land runoff and by the local climate. The an- 
nual oceanographic cycles closely follow local atmos- 
pheric cycles. 

By the end of the second week in April, the water 
column began to stratify because of increased absorp- 
tion of solar radiation in the upper 5 m and the ac- 
cumulation of fresh water on the surface from increased 
runoff and precipitation. As the spring-summer season 
progressed, stratification imcreased until a strongly 
developed pycnocline essentially isolated the upper 12 to 
20 m from the deeper water. 

Full development of the brackish surface layer in Auke 
Bay occurred in late July or August. In September, cool- 
ing of surface water coupled with wind mixing due to fall 
storms broke the density stratification developed during 


‘Unpublished data on file Northwest and Alaska Fisheries Center Auke 
Bay Laboratory, NMFS, NOAA, P.O. Box 155, Auke Bay, AK 99821. 
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Figure 16.—Observed concentrations of dissolved nitrate (ug-at./ 
liter) at selected depths in Auke Bay, Alaska, 1963-67. 


the spring-summer period. Nutrient-rich water below the 
pycnocline was mixed into the euphotic zone to replenish 
the nutrient-impoverished surface water, and a fall 
phytoplankton bloom occurred. 

As the season progressed into fall, decreasing 
temperatures and increasing salinities in the surface 
layer of water increased the density of the surface water, 
resulting in thermohaline circulation which thoroughly 
mixed the water column. Hence, during the winter, the 
water column was essentially homogeneous, and the con- 
centrations of phosphate, silicate, and nitrate 
throughout the water column were high. A well-mixed 
water column and low solar radiation prevented any sig- 
nificant phytoplankton growth during the winter; con- 
sequently, the distribution of biologically active dis- 
solved components depended almost totally on physical 
processes during the winter. 

The seasonal pattern described was repeated each year 
during the 8-yr period that routine observations were 
made. 
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Current Patterns and Distribution of 
River Waters in Inner Bristol Bay, Alaska’ 


RICHARD R. STRATY? 


ABSTRACT 


Hydrographic studies to determine the distribution of the waters of the major sockeye-salmon- 
producing river systems in inner Bristol Bay show the net seaward flow of river water is along the 
northwest (right) side of inner Bristol Bay. The net motion of seawater toward the head of Bristol Bay 
transports with it the waters of Ugashik and Egegik rivers, which enter the bay on the southeast side. 
Near Egegik Bay to Middle Bluff, the mixed sea and river waters join the seaward flow of Kvichak 
and Naknek river waters, which enter at the head of Bristol Bay. Waters of these four rivers, along 
with the large volume of water from the rivers entering Nushagak Bay, are eventually transported to, 
and move seaward on, the northwest side of Bristol Bay. Waters of Naknek, Egegik, and Ugashik 
rivers are similar to each other in the courses followed during ebb and flood tides. Flood tide currents, 
along with the nontidal current, transport water from Egegik and Ugashik rivers above or north of the 


entrance to Egegik and Ugashik bays. 


INTRODUCTION 


The distribution and migratory behavior of juvenile 
and adult sockeye salmon, Oncorhynchus nerka, while in 
Bristol Bay are influenced by physical and chemical 
properties of the bay. The literature on salmon behavior 
indicates that certain features of a bay or estuary, such 
as salinity gradients (McInerney 1964), or phy- 
sicochemical properties of home-river waters (Hasler and 
Wisby 1951; Wisby and Hasler 1954; Donaldson and 
Allen 1958; Hara et al. 1965; Hasler 1966), may provide 
directive cues to salmon during their seaward and hom- 
ing migrations. In Bristol Bay, the distribution of home- 
tiver waters and the physicochemical properties they 
contain are the result of ocean currents. 

In conjunction with investigations by the National 
Marine Fisheries Service of the early marine life of 
sockeye salmon (Straty 1974) and their later dis- 
tribution during spawning migration (Straty 1975), data 
were collected to describe the current patterns and dis- 
tribution of waters from the major sockeye-salmon- 
producing river systems in Bristol Bay. Such infor- 
mation was expected to provide a better understanding 
of the relationship between environmental factors and 
behavior of salmon while in Bristol Bay and to provide 
knowledge for predicting the distribution of pollutants 
which might be introduced into the bay or rivers during 
the critical period when salmon are present. 

In this paper I describe the distribution of water from 
each major river system as it flows out of the bay and 
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the degree of Doctor of Philosophy, June 1969. 
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describe current patterns of the mixed sea and river 
waters within the bay. 


BACKGROUND 


Bristol Bay, the southeastern terminus of the shallow 
continental shelf of the Bering Sea, is considered to be 
the area east of a line drawn from Cape Sarichef on 
Unimak Island to the Kuskokwim River (Fig. 1). Unimak 
Island and the Alaska Peninsula bound Bristol Bay on 
the south and east and separate it from the North Pacific 
Ocean. The studies reported here were conducted in the 
inner bay between Kvichak and Cinder rivers (Fig. 1). 

Most of the precipitation in Bristol Bay occurs from 
July through September. Total rainfall varies from 76.2 
to 101.6 cm annually, August being the rainiest month 
(U.S. Coast and Geodetic Survey 1964). Mean air tem- 
perature is about 1.7°C. Fog occurs in every month of the 
year at most localities. Ice begins to form along shores of 
the bay in October or November and expands seaward 
until March. Although the ice pack usually begins to 
break up and melt in April, compact fields of drift ice 
may remain offshore until late May. Over much of Bris- 
tol Bay, winds are from the northeast from October to 
March and from the southeast in spring, summer, and 
early fall. Average wind velocity is 15 knots at Port 
Heiden in outer Bristol Bay and about 10 knots at Nak- 
nek at the head of the bay. 

Movement of water in Bristol Bay is affected by ice, 
runoff, winds, tidal currents, density gradients, and 
movement of oceanic water off the continental shelf. The 
funnel-shaped configurations of the bay and of the river 
entrances create tidal currents with velocities up to 6 
knots. Tides and currents in the bay are the mixed type 
in which two highs and two lows occur during a tidal day, 
generally with a significant diurnal inequality. The diur- 
nal range of tide averages about 5.5 m at river entrances. 
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Figure 1.—Bristol Bay, showing locations of principal river systems. 


Dodimead et al. (1963) depicted the pattern of the 
nontidal currents in a review of the general 
oceanographic conditions in Bristol Bay from May 
through August in 1938 and 1939. Dodimead et al. (1963) 
inferred from salinity and sigma-t distributions that 
water in the bay moved counterclockwise. Hebard (1959) 
determined that the average velocity of this current near 
Port Moller (Fig. 1) on the Alaska Peninsula was slightly 
less than 0.1 knot, or about 2 n.mi./day. 

In spring (May and June) a temperature front occurs 
in the seawater across the bay and separates waters of 
the inner bay from those of the outer bay. In 1939 this 
front occurred along a line from Port Heiden to Cape 
Pierce; surface temperatures and salinities indicated the 
presence of counterclockwise gyres both shoreward and 
seaward of this front (Dodimead et al. 1963). The in- 
shore gyre was apparently confined to the surface, and 
warm dilute river runoff was contained eastward of Cape 
Pierce and forced to recirculate shoreward of this front. 
By August the temperature front had disappeared, and a 
peripheral counterclockwise flow was evident throughout 
the bay.’ These descriptions of water movement apply to 
the area seaward of a line between Cape Constantine and 
Egegik Bay (Fig. 1). 


DISTRIBUTION OF RIVER WATERS 


Three methods were used to determine the dis- 
tribution of waters from individual river systems in inner 


Recent data collected by the National Marine Fisheries Service, which 
are on file at the Auke Bay Laboratory, Auke Bay, Alaska, suggest that a 
temperature front occurs annually, but its location may vary from year to 
year. 


Bristol Bay: 1) measuring vertical and horizontal dis- 


tributions of salinity, 2) tracking river waters tagged with 
a fluorescent dye, and 3) tracking drift cards released at 
strategic locations in the bay. 

Four Bristol Bay river systems were studied—Naknek, 


Kvichak, Egegik, and Ugashik (Fig. 1). These systems | 


were chosen because their average combined production 
of sockeye salmon is more than 70% of the total annual 
Bristol Bay run. Moreover, a considerable amount of in- 
shore mark-and-recovery data were available for adult 
salmon of stocks occurring along the southeast side of the 
inner bay where these rivers enter. 


Determining Salinity Distribution 


Salinity was measured in 1966 at stations along six 
parallel transect lines across inner Bristol Bay. The 
stations were located at 8-km intervals along the off- 
shore transect lines, which were 16 km apart, and at 1.6- 
and 3.2-km intervals along inshore transect lines, which 
were 8 km apart. Salinity was measured with a Beck- 
man Model RS5-3 electrodeless induction salinometer at 
the surface and at 1- and 2-m intervals thereafter to the 


bottom at low tide and usually during the following high © 


tide. 

Data were collected on consecutive days in late July 
and August during periods when tidal conditions were as 
nearly similar as possible. Although transects could not 
always be run on the desired tide because of inclement 
weather and darkness, they could usually be run on the 
lowest and highest tides of the day. Coverage of a 
transect line usually began between 1 and 1% h before 
low or high tide. The tracking vessel was kept on a con- 
stant compass course along a given transect line as it 


Se 


traveled between stations so that it moved toward the 
head of the bay or seaward at a rate controlled by the 
speed of the tidal current. In this way the vessel was as- 
sumed to remain in water representative of water at the 
beginning of a transect run. 

Transects were usually run when the wind velocity was 
10 to 15 knots; speeds greater than 13 knots caused waves 
to become unstable and break into whitecaps, resulting 
in an increase in the mixing of the surface waters (John- 
son 1960). 

The vertical and horizontal profiles of salinity in inner 
Bristol Bay are used to interpret distribution of river 
waters in the inner bay where there is very little vertical 
variation in salinity (Fig. 2). Vertical mixing is caused by 
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Figure 2.— Vertical profiles of salinity (%o) at 16-km intervals across 
inner Bristol Bay, August 1966. 


the high velocities of the tidal current, shallow depth, 
and wind. Salinity in inner Bristol Bay varied horizon- 
tally, as shown by surface and bottom salinities at low 
and high tides (Figs. 3-6); salinity was low on the north- 
west side and high on the east side. Dodimead et al. 
(1963) found that this condition persisted farther off- 
shore: low-salinity water moved seaward on the north- 
west side of the bay, and a countercurrent of high- 
salinity water was present on the southeast side. This 


current appeared as a wedge of high-salinity water 
between the river waters entering each side of the bay. 


Dye Studies 


To track water from individual rivers, I used a tracer 
technique utilizing a fluorescent organic pigment, 
Rhodamine B (alkyl aminophenol derivative).‘ This 
technique was first used by Pritchard and Carpenter 
(1960) to observe the movement and dispersion of water 
in various parts of Chesapeake Bay. 

Ideally, a tracer is released into a river when a con- 
tinuous flow is expected for a period of time long enough 
for the tracer to achieve equilibrium with its environ- 
ment. However, the objectives of my study could be met 
by instantaneous release of enough Rhodamine B to trace 
its course over one or two tidal cycles. The dye was 
released only on days when wind velocities were less than 
15 knots because the wind is considered to be an impor- 
tant agent of mixing and dispersion of a tracer in short- 
term studies such as mine. The dye was rapidly poured 
from plastic containers into the propeller wash of the 
tracking vessel while traveling at a speed of 5 knots. Ap- 
proximately 9.5 to 18.9 liters of dye were released about 1 
h after high slack tide along a continuous line 3 m wide 
across the main channel of the river. The channel was 
crossed three or four times with a line of dye laid down 
about 15 m upstream from the previous line. The dye 
mixed rapidly with the water to a depth of 2 m; within 1 
h after release it had mixed to a depth of 4 m. Usually 
within 1 h, individual lines of dye had diffused horizon- 
tally and merged with one another, producing a visible 
patch across the channel 60 m or more wide. Dye was also 
released in a similar manner near the end of the ebb tide 
offshore across the course assumed by the dye previously 
released at the beginning of the ebb tide. The course of 
this release was followed during the following flood tide. 


Paths of Fluorescent Dye.—Dye was released into 
Naknek, Egegik, and Ugashik rivers in July and August 
1965 and 1966. No dye was released in the Kvichak River 
because the course and distribution of Kvichak River 
water in inner Bristol Bay could be logically deduced 
from results of the Naknek River study and the surveys 
to measure salinity. The tracks of 11 dye releases in the 
three rivers showed that river waters followed rather dis- 
crete and similar courses in the inner bay (Figs. 7, 8). 
The course of dye released near the end of ebb tide at the 
mouths of the three rivers indicated that a portion of the 
river water was carried north by the succeeding flood tide 
(Fig. 8). Water entering the bay from these rivers (and 
Kvichak River) near the end of ebb tide constitutes the 
greatest fraction of river water entering the bay during a 
tidal cycle. In most cases, dye was tracked on the flood 


‘Rhodamine B dye was purchased as a 40% (by weight) acetic acid solu- 
tion. Because the density of the solution was greater than that of the 
water into which it was to be released, its specific gravity was adjusted to 
1.00 by the addition of methyl] alcohol. 
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Figure 3.—Surface salinity (0%.) at low tide, inner Bristol Bay, July and August 1966. 
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Figure 4.—Bottom salinity (%o) at low tide, inner Bristol Bay, July and August 1966. 
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Figure 5.—Surface salinity (%% ) at high tide, inner Bristol Bay, July and August 1966. 
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Figure 6.—Bottom salinity (%,) at high tide, inner Bristol Bay, July and August 1966. 
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Figure 7.—Course of river waters in inner Bristol Bay on ebb tide as 
determined from course of dye releases in July and August 1965 and 
1966. [Solid lines marking boundaries of river water denote area of 
actual observation; dotted lines indicate probable course; dashed 
lines indicate direction of net (nontidal) current. The direction of the 
net current is based on the results of previous oceanographic inves- 
tigations (Dodimead et al. 1963) which showed a counterclockwise 
movement of water in this region.] 


tide at least 4.8 km north (above) of the mouths of Nak- 
nek, Egegik, and Ugashik rivers. This water moved 
toward shore and over the tideflats. 

The path of the dye was followed as the vessel traveled 
at a speed of 3 knots. The vessel’s position was ac- 
curately maintained by reference to prominent land- 
marks, marker buoys, and bottom topography (deter- 
mined by comparing fathometer readings with 
navigational charts of the area). Because of the low wind 
velocity (less than 15 knots), the only factor affecting the 
vessel’s position was the tidal current. Dye was followed 
visually for about 1 to 2 h after it was released; thereafter 
a fluorometer (Turner Model III) was used to detect it. 
Continuous sampling was carried out by pumping water 
from a depth of 1 m through the fluorometer as the ves- 
sel moved through the water. When readings indicated 
no dye was present, the course was altered 180° so that 
the dye patch was reentered. 

Corrections for background fluorescence were applied 
to fluorometer readings during the tracking phase of the 
tracer studies. These were determined by running 
samples of pure river water from each of the rivers to be 
studied through the fluorometer and recording the in- 
strument’s dial readings. In addition, waters along the 
course of proposed tracer releases and the offshore por- 
tion of the study area were also sampled to determine the 
level of possible interfering background fluorescence. 
Only fluorometer dial readings above these background 
levels were considered to indicate the presence of dye. 


1966. [Solid lines marking boundaries of river water denote area of 
actual observation; dotted lines indicate probable course; dashed 
lines indicate direction of net (nontidal) current. The direction of the 
net current is based on the results of previous oceanographic inves- 
tigations (Dodimead et al. 1963) which showed a counterclockwise 
movement of water in this region.] 


Shear Lines.—Shear lines caused by adjoining cur- 
rents having different speeds or directions affected the 
distribution of dye during ebb tide. These lines, a charac- 
teristic feature of the inner bay, were seen during 
relatively calm weather. They were not present during 
the flood tide but reformed, usually with some lateral 
variation of the axis, during the following ebb tide. The 
distribution of dye indicated that these lines marked the 
boundaries between waters leaving Naknek and Kvichak 
rivers and between the offshore water flowing seaward 
and the waters entering the bay from Egegik and 
Ugashik rivers. When surface turbulence was minimal, 
shear lines were observed about 6.5 km seaward from the 
mouth of the Naknek River. In Figure 7, the outer bound- 
ary denoting the course of the rivers corresponds to the 
general location of the shear lines. Dye released into 
Naknek, Egegik, and Ugashik rivers never crossed well- 
developed shear lines. Farther offshore the shear lines 
were not well developed and the dye dispersed laterally 
to some extent, no doubt because of decreased velocities 
and less difference in direction of separate currents. The 
northward extent of individual river waters during flood 
tide could not be identified by shear lines (Fig. 8). 

The area of Kvichak Bay not occupied by Naknek 
River water was occupied by Kvichak River water (Figs. 
7, 8). Kvichak River had a much greater volume of dis- 
charge than Naknek River, as indicated by the lower 
salinity on the northwest side of Kvichak Bay (Figs. 3, 6). 
Undoubtedly, waters of these two rivers mixed along 
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Figure 8.—Course of river waters in inner Bristol Bay on flood tide as 
determined from course of dye releases in July and August 1965 and 


_ their interface, particularly farther seaward during ebb 


tide when current velocities were reduced. Mixing 
between water masses also took place during flood tide, 
but Kvichak River water was predominant along the 
northwest shore and Naknek River water along the 
southeast shore of Kvichak Bay. 

River runoff in this area moved southwest toward the 
northwest side of inner Bristol Bay (Fig. 7). By the time 
these waters had moved seaward as far as the Middle 
Bluff area, they were more than 8 km offshore. This 
movement of less saline water may be inferred also from 
the salinity distribution (Figs. 3, 6). 

The course and distribution of Egegik River water is 
also clearly seen in the salinity distribution off the en- 
trance to Egegik Bay (Figs. 3, 4). Salinity data were not 
obtained from the entrance of Ugashik Bay, but dye 
studies showed that the salinity pattern there should be 
similar to the one off Egegik Bay. 


Plotting River Waters From Drift Cards 


The drift card used in this study was developed by 
Martin (1967). It is made of a folded sheet (22 X 28 cm) 
of international orange plastic. A polystyrene float at- 
tached by galvanized staples to one end and a lead 
weight attached to the opposite end keep the card ver- 
tical in the water. The cards are serially numbered and 
bear printed instructions to the finder and spaces for 
recording requested recovery information. 

On 2 June 1967, 1,007 cards were released at eight 
locations along the northeast side of inner Bristol Bay 
(Table 1). They were released in groups of 10 from an air- 
craft between 1 and 2 h after high slack tide so that those 
released near river mouths and bay entrances would 
move immediately out into the bay. 

Cards were recovered in two ways: 1) I collected cards 
from beaches during aerial surveys conducted 6 wk or 
more after the cards were released, and 2) commercial 
salmon gill net fishermen returned cards which drifted 
into their area of operation. Of the 1,007 cards released, 
141 were recovered (Table 1). The locations of recovery 
and resultant directions of drift are shown in Figures 9 to 
16. Eighty-nine (8.8%) cards were recovered from 
beaches; parts of 31 more cards were also found on 


Table 1.—Number and percent of drift curds recovered from releases 
in eight areas of inner Bristol Bay, 2 June 1967. 


Cards recovered 


Release location No. cards St = or een 
(Figs. 9-16) released Number Percent 
Kvichak River mouth 102 33 32.4 
Naknek River mouth 100 44 44.0 
Cape Chichagof 150 11 13 
Egegik Bay entrance 101 5 4.9 
Lat. 58°N 152 14 9.2 
Cape Greig 151 21 13.9 
Ugashik Bay entrance 101 4 4.0 
Cape Menshikof _ 150 m9) 6.0 
Total 1,007 141 14 
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Figure 9.—Recovery locations of drift cards released across Kvichak 
River mouth, inner Bristol Bay, 2 June 1967. (Lines from release site 
to recovery location indicate resultant direction of drift.) 


beaches but were unusable because they had lost iden- 
tifying serial numbers. 

The direction of drift for cards released across the 
mouths of the Kvichak and Naknek rivers (Figs. 9, 10) 
was seaward in a southwesterly direction. Most cards 
recovered from these two releases were found between 
Naknek River mouth and Johnston Hill. The concen- 
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Figure 10.—Recovery locations of drift cards released across Nak- 
nek River mouth, inner Bristol Bay, 2 June 1967. (Lines from release 
site to recovery location indicate resultant direction of drift.) 


tration of cards in this area was probably due to several 
factors. Water leaving Naknek River during the first 
several hours after high slack water moves seaward along 
the southeast side of Kvichak Bay. This movement must 
also occur for water above the Naknek River mouth along 
the east side of Kvichak River. Once the water level has 
dropped enough, the influence of a gravel bar off the en- 
trance to Naknek River causes the main stream of Nak- 
nek River water to be directed farther offshore, and the 
water moving seaward along the east side of Kvichak 
River is also directed farther offshore. These flows con- 
verge and cause the shear line in the Naknek River 
mouth mentioned earlier. The emergence of the gravel 
bar at ebb tide also causes an eddy seaward of the bar 
which extends as far as the northern end of Johnston Hill 
(Fig. 10). Drift cards floating into this dead-water area at 
a certain stage of tide may have been prevented for a 
time from further seaward movement, and most were 
recovered from 2 to 17 days after release, indicating some 
had been confined in the area for many tidal cycles. More 
than half the cards recovered in the area were taken in 
stationary salmon gill nets. 

Drift cards released in the mouth of Kvichak River and 
recovered elsewhere than in the area south of the mouth 
of Naknek River show that the seaward flow of Kvichak 
River water is along the northwest side of Kvichak Bay. 
Other than in the limited area mentioned, no cards 
released in Kvichak River were recovered on the 
southeast side of the bay (Fig. 9). 

Cards released in Naknek River were recovered along 
the southeast side of Kvichak Bay as far as Low Point 
(Fig. 10), but no Naknek River cards were found seaward 
of this point on this side of the bay. One was recovered, 


however, on the west side of Nushagak Peninsula, in- 
dicating that the route of Naknek River water is offshore 
and toward the northwest side of inner Bristol Bay. 

Drift cards released off Cape Chichagof and the en- 
trance to Egegik Bay (Figs. 11, 12) show that movement 
of these waters is across and toward the northwest side 
of inner Bristol Bay; one card from each release was re- 
covered north of the release site. 

An eddy similar to the one at the Naknek River mouth 
probably exists south of Egegik River also. Most cards 
released between Egegik and Ugashik rivers were even- 
tually recovered on beaches south of Egegik Bay (Figs. 
13, 14). | 

Recoveries of cards from releases along lat. 58°N (Fig. 
13), off Cape Greig (Fig. 14), at the entrance to Ugashik 
Bay (Fig. 15), and off Cape Menshikof (Fig. 16) show the 
course of the water to be north along the coast and ul- © 
timately toward the northwest side of Bristol Bay. No — 
cards from any of these four releases were recovered to 
the south. 

The distribution of drift cards furnished direct 
evidence on the courses followed by Kvichak, Naknek, 
Egegik, and Ugashik river waters in Bristol Bay and on 
the influence of the net or nontidal current on this pat- 
tern. The course followed is consistent with the course in- 
ferred from the horizontal salinity distribution in the 
area and from results of the tracer studies. 


SYNOPSIS OF DISTRIBUTION OF 
RIVER WATERS 


; 
| 
Results of the three methods of investigation permit a 
reasonable synopsis of the distribution of waters of the 
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Figure 11.—Recovery locations of drift cards released off Cape 
Chichagof, inner Bristol Bay, 2 June 1967. (Lines from release site to 
recovery location indicate resultant direction of drift.) 
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Figure 12.—Recovery locations of drift cards released across en- 
trance to Egegik Bay, inner Bristol Bay, 2 June 1967. (Lines from 
release site to recovery location indicate resultant direction of drift.) 
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Figure 13.—Recovery locations of drift cards released along lat. 
58°N, inner Bristol Bay, 2 June 1967. (Lines from release site to 
recovery location indicate resultant direction of drift.) 


major sockeye-salmon-producing river systems in inner 
Bristol Bay. The net seaward flow of river runoff water is 
along the northwest side of the bay, and the apparent net 
motion of seawater is toward the head of the bay on the 
southeast side. 

The vertical distribution of salinity shows that the in- 
ner bay and the lower reaches of the rivers are vertically 
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Figure 15.—Recovery locations of drift cards released across en- 
trance to Ugashik Bay, inner Bristol Bay, 2 June 1967. (Lines from 
release site to recovery location indicate resultant direction of drift.) 
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Figure 14.—Recovery locations of drift cards released off Cape Greig, 
inner Bristol Bay, 2 June 1967. (Lines from release site to recovery’ 
location indicate resultant direction of drift.) 


homogeneous. As a result, the circulation pattern in this 
region does not vary with depth. The motion toward the 
head of the bay, as pointed out earlier, extends to and 
perhaps somewhat above the Middle Bluff area in 
Kvichak Bay. 

The distribution of salinity (Figs. 3-6) and the routes of 
drift cards (Figs. 9-16) both indicate that waters of rivers 
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Figure 16.—Recovery locations of drift cards released off Cape Men- 
shikof, inner Bristol Bay, 2 June 1967. (Lines from release site to 


recovery location indicate resultant direction of drift.) 


draining Kvichak Bay move directly seaward along the 
northwest side of inner Bristol Bay past Cape Constan- 
tine. Between Egegik and Ugashik rivers and other rivers 
entering on the east side of the bay is a region of high- 
salinity water which has a net movement toward the 
head of Bristol Bay. Mixing and stirring will cause 
Egegik and Ugashik river waters entering the east side of 
the bay to mix with adjacent high-salinity water which 
has a net movement toward the head of the bay. Thus, 
the waters of Egegik and Ugashik rivers are carried above 
their mouths toward the head of the bay by the net cur- 
rent (Figs. 7, 8), and near Middle Bluff this water joins 
the flow of less saline water which is transported seaward 
on the northwest side of the bay. 

On the southeast side toward the head of Bristol Bay 
and north of the mouth of Ugashik River, inshore water 
must become a mixture of Ugashik and Egegik river 
water rather than being largely Ugashik River water. 
Between the entrance of Egegik Bay and Middle Bluff, 
river water must be largely of Egegik River origin 
because it has a greater discharge than Ugashik River. 
Moreover, Ugashik River water is being diluted by lateral 
mixing with higher salinity offshore water during trans- 
port toward the head of the bay. In the Middle Bluff 
area, Egegik River water should predominate, but some 
Naknek River water could also be present. Kvichak River 
water must be well offshore in this area. 


Tidal Influence 


Flood tidal currents carry some Naknek, Egegik, and 
Ugashik river waters north or above their respective out- 
lets into Bristol Bay, which cover tideflats exposed at low 
tide (Fig. 8). 

Naknek River water transported north of the Naknek 
River mouth by the flood current mixes with Kvichak 
River water. This mixed water moves seaward on the suc- 
ceeding ebb tide and should occur just to the west of the 
boundary marking the interface between water leaving 
Naknek and Kvichak rivers (Fig. 9). Thus, regardless of 
the striking separation of these waters shown by shear 
lines, during ebb tide there should be a gradation from 
Naknek to Kvichak river water from the southeast side to 
the northwest side of Kvichak Bay. In addition, there 
should also be a change from Naknek to Kvichak river 
water along the coast directly above Naknek River 
mouth during flood tide. 

Egegik and Ugashik river waters transported north of 
the entrances to Egegik and Ugashik bays by flood tide 
(Fig. 8) mix with adjacent coastal waters. This mixture 
moves seaward on the succeeding ebb tide as part of the 
coastal water west of the shear line marking the separa- 
tion of coastal water and waters leaving Egegik and 
Ugashik bays, respectively (Fig. 7). From the southeast 
to the northwest side of Bristol Bay in these regions, 
there should be a change from the coastal water of Egegik 
and Ugashik origin to high-salinity water, and then to 
low-salinity water originating from 9 of the 10 major 
sockeye-salmon-producing rivers entering inner Bristol 


Bay. 


An additional effect of tidal action on the distribution 
of river water is apparent in the salinity distribution in 
the inner bay at low and high tides (Figs. 3-6). The dis- 
tribution of certain isohalines at low and high tides sug- 
gests that a portion of the river runoff water that moves 
seaward from Kvichak Bay may actually be transported 
into Nushagak Bay at high tide. This river water would 
be mainly of Kvichak and Naknek origin, but perhaps 
some would be of Egegik origin. 


Effects of Wind 


My studies were done when wind velocities were 
generally less than 15 knots, and the effects of prolonged 
strong winds on the distribution of river waters were not 
evaluated. Strong winds undoubtedly increase the 
horizontal mixing between individual river waters and 
between river water and seawater. Drift cards afloat for 6 
wk or more assumed a distribution similar to the course 
inferred from the salinity distribution of the area. The 
cards must have encountered winds exceeding 30 knots, 
which suggests that the circulation pattern determining 
the course followed by all river waters to the northwest 
side of inner Bristol Bay may not have changed during 
periods when winds exceeded 15 knots. 

In the summer months, winds in Bristol Bay are 
generally from the southeast, and because the movement 
of surface water is to the right of wind direction in the 
Northern Hemisphere (Sverdrup et al. 1942), these 
southerly winds move water onshore or toward the head 
of Bristol Bay. Prolonged periods of strong winds may be 
expected then to expand or reduce the horizontal dis- 
tribution of given river waters in the inner bay. Under 
such conditions, one would expect it is largely Kvichak 
River water (which occupies the northwest side of 
Kvichak Bay) that is moved toward the east side of the 
bay and that considerable mixing between Kvichak and 
Naknek river waters would occur. The same situation 
holds true for the other rivers entering the bay. Although 
the horizontal distribution of individual river waters may 
be expected to expand or be reduced under prolonged 
strong winds, their seaward course should remain essen- 
tially the same. 


SUMMARY 


Hydrographic studies were carried out in inner Bristol 
Bay to determine the seaward course and distribution of 
the waters of major sockeye-salmon-producing river sys- 
tems draining into the bay. These studies were con- 
ducted in conjunction with investigations of the early 
marine life and distribution of adult sockeye salmon 
while in Bristol Bay. They included: 1) determining the 
vertical and horizontal distributions of salinity in the in- 
ner bay; 2) tracking and plotting the distribution and 
course of Naknek, Egegik, and Ugashik river waters dur- 
ing flood and ebb with Rhodamine B dye; and 3) plot- 
ting the seaward course of plastic drift cards released at 
several locations in inner Bristol Bay. 


The results of the hydrographic studies showed that 
the net seaward flow of the lighter and less saline river 
runoff water is along the northwest side of inner Bristol 
Bay. The net motion of high-salinity water toward the 
head of Bristol Bay was shown to transport with it the 
waters of Ugashik and Egegik rivers, which enter the bay 
on the southeast side. Near Egegik Bay to Middle Bluff 
these waters joined the seaward flow of Kvichak and 
Naknek river waters, which enter at the head of Bristol 
Bay. Waters of these four rivers, along with the large 
volume of water from the rivers entering Nushagak Bay, 


_are eventually transported to, and moved seaward on, 


the northwest side of Bristol Bay. Dye tracer studies 
showed that Naknek, Egegik, and Ugashik rivers were 
similar to each other in the courses followed during ebb 
and flood tides. Flood tide currents, along with the non- 
tidal current, transported water from Egegik and 
Ugashik rivers above or north of the entrance to Egegik 
and Ugashik bays, respectively. 
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Wind Stress and Wind Stress Curl 
Over the California Current 


CRAIG S. NELSON' 


ABSTRACT 


Historical surface marine wind observations are summarized by 1l-degree square areas and 
months to describe the seasonal distribution of wind stress over the California Current. Off the coasts 
of southern California and Baja California, an alongshore equatorward component of surface wind 
stress is present throughout the year. The distributions of wind stress north of Cape Mendocino are 
characterized by marked changes in direction and magnitude between summer and winter. The 
predominant wind stress maximum shifts northward coherently from off Point Conception in March 
to south of Cape Blanco in September, and extends approximately 500 km in the offshore direction and 
1,000 km in the alongshore direction. Maximum values of surface wind stress occur during July near 
Cape Mendocino. 

The wind stress curl is positive near the coast and negative in the region offshore. A line of zero 
wind stress curl parallels the coast 200 to 300 km offshore, except off central Baja California. The pat- 
terns of wind stress curl are consistent with the existence of an equatorward Sverdrup transport off- 
shore and a poleward transport near the coast. 


INTRODUCTION 


Spatial variation of surface wind stress has long been 
recognized as a fundamental quantity in discussions of 
the wind-driven ocean circulation. Sverdrup’s (1947) 
transport balance relates the vertically integrated 
meridional mass transport in the interior ocean to the 
open ocean wind stress curl. Munk (1950) extended the 
theory to a closed basin and estimated the mass trans- 
ports for several oceanic circulations from a knowledge of 
the wind stress alone. Recent theoretical developments 
have attemped to explain the well-known westward in- 
tensification, but have largely ignored the wind-driven 
circulation in eastern boundary currents, such as the 
California Current. 

The California Current flows southeastward along the 
west coast of the United States as one branch of the large 
anticyclonic gyre in the North Pacific Ocean. The 
predominant surface current occurs between a cell of 
high atmospheric pressure to the west and a continental 
thermal low situated over California. Seasonal variations 
in the direction and strength of the surface wind are 
related to shifts in location of the high pressure system 
and intensification of the semipermanent thermal low. 

The basic flow of the California Current system may 
_ be described in terms of the local wind stress (Reid et al. 
1958). The equatorward surface current and poleward 
undercurrent are typical of eastern boundary currents 
(Wooster and Reid 1963). Munk (1950) has suggested 
that the average wind distribution off California is con- 
sistent with the existence of an equatorward surface cur- 
rent offshore and a poleward current inshore. However, 
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lack of an adequate data base has precluded a detailed 
analysis of the relationships among the distributions of 
surface wind stress, the southward flowing California 
Current, and the northward flowing countercurrent 
which appears seasonally off the coasts of California, 
Oregon, and Washington. 

A related phenomenon in eastern boundary currents is 
the process of coastal upwelling. The role of upwelling in 
bringing nutrients into the surface layers where they are 
available for organic production is widely recognized. Ac- 
cording to the simplified model (Sverdrup 1938), 
equatorward wind stress parallel to the coast induces 
flow in the surface Ekman layer of the ocean which is 
deflected offshore by the earth’s rotation (Ekman 1905). 
When this occurs over an expanse of coast where horizon- 
tal surface flow cannot compensate for that driven off- 
shore, the balance is maintained by upwelling of subsur- 
face water. Smith (1968) suggested that wind stress, 
being the driving force in this mechanism, may be the 
most important single variable in coastal upwelling. 

Previous estimates of the surface wind stress over the 
oceans have been based primarily on wind data taken 
from the U.S. Hydrographic Office Pilot Chart wind 
roses (Hidaka 1958; Hellerman 1967). The large-scale 
features evident in these distributions are consistent 
with the occurrence of the major cyclonic and anticy- 
clonic circulations in the oceans. However, the coarse 
spatial and temporal resolution of these data (5-degree 
quadrilateral space average and 3-mo time average) are 
not adequate to describe the locally driven processes evi- 
dent in the California Current system. 

Wooster and Reid (1963) used Hidaka’s estimates of 
surface wind stress to calculate the offshore Ekman 
transport and described the locations and seasonal tim- 
ing of the major coastal upwelling regimes in terms of 


these “upwelling indices.” Bakun (1973) extended the 
concept of the upwelling index by computing estimates 
of Ekman transport from routinely available analyzed 
surface atmospheric pressure fields. Temporal fluc- 
tuations are well described by these data. However, both 
the derived quantities based on Hidaka’s wind stress 
data and Bakun’s upwelling indices suffer from an in- 
ability to characterize small-scale features of the Ekman 
transport field, particularly near the coast. For example, 
where these data may indicate surface divergence on the 
large scale, smaller scale surface convergence might 
exist, with associated effects on distributions of organ- 
isms within the coastal upwelling zone. 

This report provides more detailed descriptions of the 
surface wind stress distributions over the California Cur- 
rent. The study differs from previous work by cal- 
culating monthly mean values on a 1-degree square area 
basis. Surface marine wind observations have been 
utilized in the computations. Roden (1974) evaluated the 
surface wind stress on a 1-degree latitude-longitude grid. 
However, Roden’s distributions were derived from 
monthly mean surface atmospheric pressure analyses 
based on a 5-degree latitude-longitude grid. Thus, any 
information concerning space scales smaller than 5 
degrees is due to the particular interpolation scheme 
used to refine the data to a 1-degree grid, rather than due 
to observed data. 

The monthly mean data described in this report ade- 
quately resolve the seasonal cycle, which is the dominant 
time scale for coastal upwelling (Mooers et al. 1976). The 
high resolution in space and time may provide the ob- 
servational background for more detailed investigations 
of the relationships among the local wind stress dis- 
tributions, the equatorward surface current offshore, the 
poleward surface and subsurface flow inshore, and dis- 
tributions of certain species of fishes, such as the 
northern anchovy, Engraulis mordax, and the Pacific 
mackerel, Scomber japonicus. 


DATA REDUCTION 


The monthly mean distributions of surface wind stress 
presented in Appendix I are based on summaries of data 
contained in the National Climatic Center’s file of sur- 
face marine observations (Tape Data Family-11). The 
total file contains approximately 40 million individual 
ship reports dating from the mid-19th century. Over 1 
million of the reports are within the area of the Califor- 
nia Current system. 

I have compiled long-term composite monthly fields of 
surface wind stress on a 1-degree square area basis within 
the geographical area outlined in Figure 1. The data grid 
extends from lat. 20°N to 50°N and parallels the coast- 
line configuration, extending 10 degrees of longitude in 
the offshore direction. Each 1-degree quadrilateral is 
centered on a whole degree of latitude and longitude. Ap- 
proximately 25% of the total available reports contain 
positions recorded to the nearest whole degree of latitude 
and longitude. The grid orientation used in this study 
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thus minimizes spatial bias which might be introduesl 
by summarizing the data according to the Marsden 
square numbering system. 

The historical data contain errors in position, 
measurement, and processing. A single pass editor was 
used to remove gross errors in the data, including dup- 
licate reports (0.5%), position errors (0.1%), and 
measurement errors (0.5%). Erroneous wind directions 
and wind speeds greater than 100 m s “! were removed. 
Reports of variable winds were treated as calms. 

An estimate of the surface wind stress was calculated 
for each wind velocity report according to the bulk for- 
mula: 

(Sap SoC (PAA) We. |W Vio) (1) 
where 7, and 7, denote the eastward and northward 
components of stress, P, is the density of air which was 
considered to have a constant value of 0.00122 g cm ES 
|W,,| is the observed wind speed, and U,, and V,, are 
the eastward and northward components of the wind ve- 
locity measured at a height of 10 m. The empirical drag 
coefficient Cp, referred to the 10-m level, was given a con- — 
stant value of 0.0013 (Kraus 1972). 

The resultant long-term monthly mean wind stress 
vectors were computed as the arithmetic means by east 
and north components of all available reports from 1850 
to 1972 within a 1-degree square area. The appropriate 
average is defined in Equation (2): 


(2) 


where N is the total number of reports within a 1-degree 
square area and month. The values (7, , 7, ); were 
evaluated according to Equation (1). A mean value for 
each long-term month and square is therefore formed 
from a data set which is independent of all other months 
and squares. The monthly fields of surface wind stress are 
displayed in Appendix I as vector quantities (Charts 1 to 
12) and as east (Charts 13 to 24) and north (Charts 25 to 
36) components. No attempt has been made to smooth 
the fields, either by removing data which do not appear 
to fit the distributions or by applying objective 
smoothing procedures. The mean values were contoured 
by computer and “‘bull’s-eyes” in the contours, even 
where they possibly reflect erroneous data, were left in 
the charts as indications of the general degree of consis- 
tency in the composite distributions. The bull’s-eyes 
may reflect either a paucity of ship observations, or ex- 
treme variability associated with inadequate sampling of 
strong winds. 

The spatial distribution of observations is biased in 
that “ship of opportunity” reports are generally con- 
fined to coastwise shipping lanes. Contours indicating 
the total numbers of observations per 1-degree square 
area are shown in Figure 2. The highest density of reports 
is found within 300 km of the coast, exceeding 40,000 ob- 
servations per 1-degree square in the area south of Point 
Conception. The number of reports per 1-degree square 
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Figure 1.—Chart of the west coast of the United States showing the grid of 1-degree squares used for summaries of wind observations. Large dots 
indicate squares for which frequency diagrams are displayed in Figures 9-12. 
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Figure 2.—Distribution of observations per 1-degree square. The contour interval is 2,500 observations. Values greater than 5,000 are shaded. 


ae 


per month varies from less than 20 (in January off Van- 
couver Island) to more than 3,800 (in May off Los 
Angeles). A significant increase in the number of obser- 
vations is evident along the shipping route between San 
Francisco and Hawaii. Less than 20% of the vector means 
are based on fewer than 50 observations per 1-degree 
square per month. Some temporal bias may also exist, 
since approximately 50% of the total reports have been 
taken since 1945. However, the general coherence of the 
resulting vector fields indicates that the composite wind 
stress distributions can be used to describe the dominant 
seasonal cycle in the California Current system. 

The historical surface marine observations used in this 
study have been obtained primarily from ship logs, ship 
weather reporting forms, and published ship obser- 
vations. The reports differ markedly in method and 
precision of measurement, ranging from observations 
made aboard 19th century vessels, to those taken aboard 
modern oceanographic research ships. Possible errors in 
wind measurement have been summarized by Hantel 
(1970). These include influences of anemometer height, 
atmospheric stability, wind gusts, and duration of the 
observation. Sources of error in wind estimates include 
the wind effects observed, error in determining the true 
wind from the observed apparent wind, and the un- 
avoidable subjectivity of the observer. 

A substantial portion of the historical data consists of 
wind reports based on the antiquated Beaufort wind 
force scale (Kinsman 1968). Table 1 lists the conversion 


Table 1.—Wind speed equivalents of 
Beaufort force estimates in knots 
and meters per second. 
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Beaufort Knots ms 
0 0 0.0 
1 2 0.9 
2 5 2.4 
3 9 4.4 
4 13 6.7 
5 18 9.3 
6 24 12.3 
7 30 15.5 
8 37 18.9 
9 44 22.6 

10 52 26.4 
11 60 30.5 
12 68 34.8 


scale between the Beaufort number and the equivalent 
wind speed in knots and meters per second. These es- 
timates are equivalent to a wind speed measurement at a 
height of 10 m.? 

Based on the documentation for the National Climatic 
Center’s data file (TDF-11),’ a determination was made 
of the number of wind observations estimated and those 
actually measured by an anemometer. Approximately 
35% of the reports in this study consisted of Beaufort 


"Resolution 9, International Meteorological Committee, Paris, 1946. 


‘National Climatic Center, Tape Data Family 11, NOAA/EDS/NCC, 
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wind force estimates. An additional 53% of the reports 
were estimated wind speeds which did not correspond to 
the Beaufort wind force scale. Less than 12% of the total 
reports consisted of measured quantities. 

In addition to the errors introduced by the necessary 
calculation of true wind from the measured apparent 
wind, the reported directions varied in precision. Resolu- 
tion varied from +11.25° to £5° corresponding to obser- 
vations based on 16 points of a 32-point compass and a 
36-point compass, respectively. 

The above considerations lead to the conclusion that 
random observational errors may be as large as real non- 
seasonal fluctuations in the distributions of surface wind 
stress. The problem may be formalized by expressing the 
individual stress estimates T, and T, as the sums of 
monthly mean values T, and Oni deviations from the 
monthly means T,and Tr‘, and error terms Tic - andt© . The 
second and nienes moment statistics will consist af the 
nonzero correlations between the deviations from the 
monthly means and the error terms. If the observational 
errors are greater than the real fluctuations, then the 
standard deviations of the monthly means will reflect ob- 
servational noise rather than actual nonseasonal 
variability. However, provided that these errors are not 
systematic, the resultant first moment statistics will be 
the appropriate estimates of the monthly mean wind 
stress. 

The standard error of the mean provides a more ap- 
propriate quantitative measure of the relation between 
the standard deviation of a set of measurements and the 
precision of the mean value of the data set (Young 1962). 
The standard errors of the means are defined by: 


(SSp) = (S;, ANS, Af) (3) 


where S7. and S7, are the standard errors of the means 
of the eastward and northward components, respectively, 
S;, and S, are the standard deviations, and N is the 
number of observations. Large values of N and small 
values of S;, and S;, correspond to mean values T. and 
% which closely approximate the population means. 

-The computed standard errors of the means and num- 
bers of observations of each 1-degree square area and 
long-term month are tabulated in Appendix II. Values 
less than 0.1 dyne cm~? occur throughout a large portion 
of the summary area, although spatial and seasonal 
dependence is evident. Standard errors greater than 0.1 
dyne cm~? occur over large areas north of Cape Men- 
docino and between 500 and 1,000 km off the coast of 
Baja California. High values are generally associated 
with regions of sparse date, although inadequate sam- 
pling of intense storms may also lead to large values. 
Typical ratios of the standard error to the mean stress 
(Sz [Tt 7,) range from 0.01 off southern California to 1.0 off- 
enone ‘from Cape Blanco. Near Cape Mendocino, this 
ratio varies between 0.02 and 0.10. Minimum values ad- 
jacent to the coast south of lat. 40°N and along the ship- 
ping lane between San Francisco and Hawaii are well 
correlated with the distribution of observations shown in 
Figure 2. 


DEPENDENCE OF STRESS ESTIMATES 
ON Cp 


A constant drag coefficient was used to compute the 
surface wind stress data displayed in Appendix I. Stress 
calculations were made for each wind report and then 
averaged to form the resultant monthly mean vectors. 
Different results might have been obtained if the stress 
were calculated from monthly mean wind data, or if ef- 
fects of atmospheric stability were considered. These as- 
pects are discussed below. 

Errors associated with the observational data used in 
this study place certain limitations on the form of the 
bulk exchange formula expressed in Equation (1). If 
measurement errors are large, there may be little value in 
refining the parameterization by replacing Cp by a 
variable drag coefficient which is a function of stability 
or wind speed. Even with a constant Cp, the bulk for- 
mula contains nonlinearities. Therefore, the drag coef- 
ficient must be appropriate for the particular time- 
averaged winds used in the calculations. That is, a drag 
coefficient appropriate for synoptic wind observations 
would not be appropriate for winds averaged over a 
month. 


Effects of Averaging 


The empirically derived transfer coefficient Cp , deter- 
mined by eddy correlation and profile methods, is based 
on wind measurements averaged over periods of 30 to 60 
min. Pond (1975) indicated that the appropriate values 
of |W,,|, U,,, and V,) should be obtained over a period 
of a few minutes to a few hours at most. If the surface 
stress were calculated using winds averaged over much 
longer periods, a higher drag coefficient would be re- 
quired. The surface stress calculated from a monthly 
mean surface wind field will be significantly less than the 
surface stress field calculated as the mean of the in- 
dividual stress estimates, if the same drag coefficient is 
used and all other parameters are held constant. 

The difference described above has been determined 
for the data used in this study. For each 1-degree square 
area and long-term month, the following ratio has been 
calculated: 


(Cy), =l7Y/to, 7,0" J (4) 
wherel tis the magnitude of the monthly mean surface 
stress, |W,,| is the magnitude of the monthly mean sur- 
face wind, and (Cp) equis an equivalent drag coefficient. 
This is the value which would be necessary to make the 
stress values calculated from the monthly mean wind 
data agree with the values calculated as the means of in- 
dividual stress estimates. 


Values of (Cp) equ for the months of June and Decem- 
ber are shown in Figures 3 and 4. The values are sig- 
nificantly different from the constant value of 
Cp = 0.0013 employed in this study. In all cases, 
(C,,) ew is greater than Cp. Spatial and seasonal 


variability is marked. There is a tendency for much 
higher values in the northern section of the grid than in 
the southern area. Large values of (Cp) equ are more evi- 
dent in December than in June. Geographical and 
seasonal variations in the quantity (Cp) .qu agree with 
the general geographical and seasonal fluctuations in 
meteorological conditions over the northeast Pacific 
Ocean. This would indicate that a large part of the 
monthly variance of the wind stress data is due to actual 
intramonth fluctuations and not due to observational 
errors. If a resultant surface wind stress were calculated 
from the monthly mean wind field, these calculations 
imply that the wind stress estimates would be under- 
estimated, on average, by as much as 50% to 100%. The 
departures would be even larger off Oregon and Washing- 
ton. 


Effect of Atmospheric Stability 


Investigations on the functional form of the drag coef- 
ficient have alternately suggested constant values, or a 
dependence on wind speed. Wilson (1960) gave a detailed 
review of the available data and adopted values of — 
Cp = 0.0024 + 0.005 for strong winds and Cp = 0.0015 
+ 0.0008 for light winds. Smith (1970) proposed a con- 
stant value of Cp = (1.35 + 0.34) x 10°. Wu (1969) 
adopted the form Cp = (0.5 X Uy") X 10%. Con- 
sidering the large scatter in the open ocean deter- 
minations of Cp, the lack of conclusive data at wind 
speeds greater than 15 ms ', and the lack of agreement _ 
among individual observers, a constant value for the 
neutral drag coefficient was used in this study. 

Recent investigations by Davidson (1974) and Den- 
man and Miyake (1973) have demonstrated the depen- 
dence of the drag coefficient on atmospheric stability and 
the spectral shape of the ocean wave field. A generally 
accepted formulation of the dependence of Cp on wave 
properties does not seem well enough established to be 
incorporated in the calculations of surface wind stress 
based on historical ship observations. However, effects of 
atmospheric stability on the momentum exchange may 
be significant in regions where seasonal upwelling 
typically produces a stable boundary layer. 

The specific effects of atmospheric stability on the ex- 
change of momentum have not been completely deter- 
mined and are still under investigation. However, for a 
given wind speed, the effect of stable (unstable) 
stratification is to decrease (increase) the magnitude of 
the momentum exchange (surface wind stress) across the 
atmosphere-ocean interface. 

In order to investigate the effects of atmospheric 
stability, the monthly mean fields of surface wind stress 
were recomputed, replacing the constant value Cp in 
Equation (1) by a coefficient varying with atmospheric 
stability. Deardorff (1968) defined the bulk Richardson 
number as an appropriate dimensionless measure of at- 
mospheric stability. Deardorff’s method was adopted to 
parameterize the dependence of the drag coefficient on 
stability, while neutral stability was agsumed when the 
absolute value of the air-sea temperature difference was 
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Figure 3.—Equivalent neutral drag coefficient for June. The plotted value is the drag coefficient (x 10°) appropriate for wind observations averaged 
over a month. The contour interval is 2.5. 
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Figure 4.—Equivalent neutral drag coefficient for December. The plotted value is the drag coefficient (x 10°) appropriate for wind observations 


averaged over a month. The contour interval is 2.5. 


less than 1°C. Details of the calculations will be reported 
elsewhere. 

The effect of atmospheric stability was computed as a 
percentage increase (decrease) in the magnitude of the 
monthly mean surface wind stress above (below) the ap- 
propriate neutral values. The following ratio was cal- 
culated: 

head 


r= (fe | x 100 5 
1F 


neu 


wherel 7 | ,.. is the magnitude of the monthly mean sur- 
face wind stress calculated using a drag coefficient which 
varies with stability, and|T"],,.., is the magnitude of the 
monthly mean surface wind stress computed with a con- 
stant (neutral) coefficient. A value of R = 0.0 cor- 
responds to neutrally stable conditions. 

The ratio defined by Equation (5) is displayed in 
Figures 5 and 6 for the months of June and December, 
respectively. The average percentage difference is 
between 2 and 5%. Values greater than 10% are rare. In 
December, the values are positive, indicating unstable 
conditions. Negative values occur in June. These are 
related to the stable stratification induced by positive 
air-sea temperature differences within the coastal up- 
welling zone. The effects of atmospheric stability deter- 
mined in this study are less than the values of 6 to 15% 
reported by Husby and Seckel (1975) for Ocean Weather 
Station ‘‘Victor,’’ but consistent with the values of less 
than 5% reported by Dorman et al. (1974) for Ocean 
Weather Station “November.” 


WIND STRESS DISTRIBUTIONS 


The long-term composite monthly mean fields of sur- 
face wind stress are displayed in Appendix I as resultant 
vectors (Charts 1 to 12), east components (Charts 13 to 
24), and north components (Charts 25 to 36). These data 
indicate two characteristic features. The mean stress 
tends to be directed equatorward along the coast from 
Cape Mendocino to Baja California throughout the year. 
Off the coasts of Oregon and Washington, the wind stress 
exhibits marked seasonal variability in both magnitude 
and direction. 

The distributions of surface wind stress off Baja 
California have been previously discussed by Bakun and 
Nelson (1975).* They concluded that most of the seasonal 
variability is in magnitude rather than direction. The 
mean surface wind stress tends to have an alongshore, 
equatorward component during all months, implying 
conditions generally favorable for coastal upwelling 
throughout the year. This is contrasted with the situa- 
tion to the north. Off the coasts of Oregon and Washing- 
ton, patterns of surface wind stress change seasonally. 
From December to February, the stress impinges on the 


‘Bakun, A. and C. S. Nelson, 1975. Climatology of upwelling-related 
processes off Baja California. Unpubl. manuscr., 41 p. On file at Pacific 
Environmental Group, National Marine Fisheries Service, NOAA, Mon- 
terey, CA 93940. 


coast at Cape Blanco, forming the southern boundary of 
the low pressure system which develops in the Gulf of 
Alaska during the winter. From May through Septem- 
ber, the surface wind stress veers toward the south. The 
components are directed onshore and equatorward. The 
months of March-April and October-November appear 
as transition periods. The surface wind stress is directed 
primarily onshore off Washington and Oregon during 
these months. 

The most evident feature in these distributions is the 
position and extent of the predominant wind stress max- 
imum. For purposes of discussion, this maximum is 
defined by the 1.0 dyne cm~? contour and is highlighted 
by light shading in Charts 1 to 12. Large values of stress 
occurring between lat. 45°N and 50°N during winter are 
probably associated with either high winds or sparse 
data, and will be ignored in this discussion. 

The maximum is first evident in March, south of Point 
Conception. During succeeding months, the maximum 
strengthens, increases in size, and shifts northward. In 
April, values exceeding 1.0 dyne cm ® cover an area from 
Point Conception to San Francisco. Winds off Oregon 
have veered, suggesting an alongshore component and 
implying conditions generally favorable for coastal up- 
welling. The pattern of surface wind stress is repeated in 
May. The northern boundary of the central maximum 
reaches the coast south of Cape Blanco. 

The mean wind stress reaches maximum intensity dur- 
ing June and July off Cape Mendocino, where charac- 
teristic values exceed 1.5 dynes cm”. The large-scale 
maximum extends approximately 500 km in the offshore 
direction and 1,000 km in the longshore direction. A more 
intense coastal maximum (|7|21.5 dynes cm~’) is 
coherent over an area approximately one-fifth this size. 
Maximum values of mean surface wind stress typically 
occur 200 to 300 km off the coast, rather than adjacent to 
the coast. This feature was previously observed by Munk 
(1950) and Reid et al. (1958). Mean distributions for 
August and September suggest relaxing conditions; the 
maximum is reduced in extent and intensity. These 
months still exhibit a degree of equatorward stress along 
the coasts of Oregon and Washington, but in October, 
the direction backs to the north. The poleward com- 
ponents correspond to onshore Ekman transport and 
subsequent downwelling at the coast. The distributions 
for November, December, January, and February in- 
dicate characteristic winter conditions. Mean values are 
typically less than 0.5 dyne cm”. High winds as- 
sociated with intense storm activity in the North Pacific 
Ocean result in regions of mean surface wind stress ex- 
ceeding 1.0 dyne cm ~ off the coasts of Oregon and 
Washington. 

Seasonality of the surface wind stress and its as- 
sociation with coastal upwelling are easily observed along 
the northern section of the grid. Large changes in mean 
direction are apparent. Maximum magnitudes occur 
during the winter. Winds favorable for coastal upwelling 
occur from April to September. During the remaining 
months, the direction of the mean surface wind stress 
corresponds to downwelling at the coast. 
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Figure 5.—The effect of atmospheric stability on surface wind stress for June. Plotted values are the percentage increase (decrease) in the sur- 
face wind stress above (below) neutrally stable conditions. The contour interval is 10.0. Positive values correspond to unstable conditions. Nega- 
tive values are shaded. 
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Figure 6.—The effect of atmospheric stability on surface wind stress for December. Plotted values are the percentage increase (decrease) in the 
surface wind stress above (below) neutrally stable conditions. The contour interval is 10.0. Positive values correspond to unstable conditions. 
Negative values are shaded. 


11 


The coast along southern California and Baja Califor- 
nia is characterized by winds favorable for upwelling 
throughout the year. Peak values of surface wind stress 
occur in April and May. Values exceeding 0.5 dyne cm” 
are evident from February to July. A local maximum im- 
mediately north of Punta Eugenia is easily observed in 
May. This feature is consistent throughout the year. A 
region of local wind stress minima is indicated along the 
coast south of Point Conception. This feature cor- 
responds in location with the semipermanent cyclonic 
eddy which dominates the ocean surface circulation in 
the Southern California Bight (Reid et al. 1958). 


Spatial and Temporal Variability 


Spatial and seasonal variability of the monthly dis- 
tributions will be described in terms of standard errors of 
the means (Equation (3)), constancy of the wind stress, 
and frequency diagrams for selected 1-degree square 
areas and months. In general, these data indicate greater 
variability in magnitude and direction in the region 
north of Cape Mendocino than in the area to the south. 
Summer distributions are characterized by well-defined 
mean directions and magnitudes. Broad-banded fre- 
quency histograms are typical of winter months. 

The degree of variability in direction and magnitude of 
the surface wind stress is reflected in the spatial dis- 
tributions of the standard errors of the means. In regions 
outside of the primary shipping lanes (see Fig. 2), 
monthly mean distributions are based on approximately 
the same number of observations per 1-degree square 
area. If one assumes that there are no systematic sam- 
pling errors in these regions, then the magnitudes of the 
computed standard errors of the means should be a func- 
tion of the wind stress variability. Accordingly, standard 
errors to the north of Cape Mendocino are larger by a fac- 
tor of 2 to 3 (Appendix IJ) than those to the south of Cape 
Mendocino. Thus, the data imply a greater degree of 
variation in the direction and magnitude of the surface 
wind stress off Oregon and Washington than off Califor- 
nia. 

A contrast between winter and summer conditions is 
also evident. South of Cape Mendocino, magnitudes of 
the standard errors of the means remain nearly constant 
throughout the year. Off Oregon and Washington, the 
computed values decrease to a minimum during the 
summer, and increase to a maximum during the winter. 
Typical values range from 0.10 dyne cm ~ in June to 0.30 
dyne cm” in December. 

Similar features of the large-scale temporal and spatial 
variations are evident in monthly distributions of con- 
stancy of the wind stress as defined by the ratio of the 
magnitude of the average stress to the average mag- 
nitude of the stress. Figures 7 and 8 show the patterns for 
June and December. During December, values greater 
than 0.5 occur south of Point Conception. To the north, 
wind stress constancy decreases to relatively small 
values, implying a high degree of directional variability. 
An increase in directional constancy is indicated during 
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June. Values greater than 0.50 extend from Baja Califor- 
nia to Vancouver Island. Values less than 0.50 occur only 
in the northwest section of the grid. South of Cape Men- 
docino, the ratios approach a value of 1.0, implying very 
little variation in wind stress direction. 

The patterns of wind stress constancy indicate pos- 
sible error in estimates of the total mechnical energy 
transfer at the air-sea interface. In the region off Califor- 
nia, the magnitude of the mean vector wind stress 
appears to be a good estimator of the total stress acting 
on the sea surface. However, in the northern regions of 
the data grid, these data show that the magnitude of the 
mean vector wind stress underestimates the total stress 
acting on the sea surface. This has important im- 
plications for mixed-layer modelling, in which the input 
of turbulent energy depends on the total stress acting on 
the sea surface (Denman 1973), the direction of the sur- 
face stress, and the rate at which the stress is applied to 
the sea surface (Niiler 1975). 

The large-scale spatial and temporal variations in sur- 
face wind stress distributions are finally described in 
terms of selected frequency diagrams. Data for the 10 
squares indicated in Figure 1 are displayed in Figures 9 
to 12. Figures 9 and 10 show data for June and Decem- 
ber taken from the five squares indicated in the inset. 
Similar data at five different locations are presented for 
July and January in Figures 11 and 12. 

Available wind stress data have been classed by direc- 
tion and magnitude for each 1-degree square area and 
month. Relative frequencies have been determined for 16 
direction bands and for 11 magnitude bands. A category 
for calm winds also includes variable winds. The direc- 
tion bands are 22.5° wide and the magnitude bands cor- 
respond to equivalent wind speed intervals of 2.0 ms‘. 

The relative frequency surfaces shown in these figures 
display contours of percentage of total reports falling 
within a given direction and magnitude band. The 2.5% 
and 7.5% contours are indicated by a solid line. Dashed 
line contours indicate relative frequencies of 5.0% and 
10.0%. The mean vector magnitude and direction is in- 
dicated by an arrow. Note that directions are defined 


with the oceanographic convention (i.e., the direction — 


toward which the wind blows). 

The histograms shown to the right of each frequency 
surface display relative frequencies for magnitude at the 
top, and direction at the bottom. Relative percent is 
labelled along the ordinate. Midpoints of the magnitude 
and direction class intervals are labelled on the abscissa. 

The contrast between winter and summer dis- 
tributions in the southern section of the grid appears asa 
change in the character of the frequency surfaces (Figs. 9, 
10). In general, the number of contours indicated for 
June is greater than the number of contours appearing in 
December. Evidently, the wind stress is relatively con- 
stant in magnitude and direction during the summer 


‘Wind roses for all 1-degree squares within the area north of lat. 34°N 
may be found in Climatic study of the near coastal zone; West Coast of 
the United States, published by the Director, Naval Oceanography and 
Meteorology, June 1976, 133 p. 
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Figure 7.—Wind stress constancy for June. The plotted values are defined as the ratios of the vector means to the scalar means. The contour in- 
terval is 0.25. 
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Figure 8.—Wind stress constancy for December. The plotted values are defined as the ratios of the vector means to the scalar means. The contour 
interval is 0.25. 
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Figure 9.—Relative frequency surfaces and frequency histograms for June. Data are shown for the 1-degree squares labelled 1 through 5 in the 
upper left inset. Contours of relative frequency are drawn at intervals of 2.5%. Mean vector wind stress is indicated by an arrow. 


months. A slight shift in direction and magnitude of the 
wind stress is indicated between summer and winter. 
The mean stress in December is directed more toward the 
south, and the magnitude has decreased. 

The frequency histograms also show these features. 
During June, the direction histogram is characteris- 
tically narrow-banded. Over 70% of the observations may 
be concentrated within three direction intervals. In 
December, the observations tend to be spread over a 
wider range of directions. The histograms are broader 
and the peaks in direction are less well-defined. Peak 
magnitudes in June are generally one class interval larger 
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than peak magnitudes in December. However, the win- 
ter distributions are characterized by an increase in 
relative frequency at high values of wind stress mag- 
nitude. 

A similar pattern of contrasts between summer and 
winter distributions is apparent in the northern section 
of the grid. As shown in Figures 11 and 12, the direction 
histograms are generally well-defined during the sum- 
mer, although bimodal distributions are evident. Dur- 
ing winter, observations are nearly uniformly spread 
among all directions. There is a lack of consistency in the 
frequency surfaces in Figure 12. Direction histograms for 
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Figure 10.—Relative frequency surfaces and frequency histograms for December. Data are shown for the 1-degree squares labelled 1 through 5 in 
the upper left inset. Contours of relative frequency are drawn at intervals of 2.5%. Mean vector wind stress is indicated by an arrow. 


January are broad and flat and the peaks which generally 
characterize the summer distributions are missing. Mean 
directions shift from equatorward to poleward between 
summer and winter. A complete reversal in the mean 
direction occurs at point 7 (Figs. 11, 12). A shift in mag- 
nitude is equally pronounced. Peak magnitudes are 
higher in January than in July indicating a greater con- 
tribution of high wind speeds in January. 

The above discussion adds a new dimension to the 
seasonal descriptions of the surface wind stress dis- 
tributions over the California Current. Pronounced 
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seasonal variations in magnitude and direction of the 
monthly mean wind stress are indicated along the entire 
west coast of the United States. These changes are most 
evident off the coasts of Oregon and Washington. In ad- 
dition, these data suggest month to month changes in the 
large-scale spatial variability. Frequency histograms for 
direction and magnitude are broad and flat during the 
winter months, and along the northern coast. Well- 
defined peaks in magnitude and direction characterize 
the distributions during the summer and along the 
southern coast. 
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Figure 11.—Relative frequency surfaces and frequency histograms for July. Data are shown for the 1-degree squares labelled 6 through 10 in the 
upper left inset. Contours of relative frequency are drawn at intervals of 2.5%. Mean vector wind stress is indicated by an arrow. 


Seasonal Cycle at the Coast 


Time series of the surface wind stress within the 1- 
degree square areas immediately adjacent to the coast 
are displayed in Figure 13 as the alongshore component, 
and in Figure 14 as the onshore component. For these dis- 
plays, the vector means have been resolved into com- 
ponents parallel and perpendicular to the coast. The 
coastline angles were determined by visually fitting a 
line to the dominant trend of the coast within each 1- 
degree square. The months are indicated along the tops 
of the figures. The latitudes of the 1-degree squares are 
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indicated on the right and left sides of the figures. Nega- 
tive values are shaded and indicate equatorward along- 
shore stress in Figure 13 and offshore stress in Figure 14. 

Several characteristic features are apparent in these 
figures. South of lat. 40°N there is an equatorward com- 
ponent throughout the year, implying conditions 
favorable for coastal upwelling in all months. Off the 
coasts of Oregon and Washington, the data suggest that 
upwelling occurs seasonally between the months of April 
and September. 

Three relative maxima occur in the time/space do- 
main. Off the coast of Baja California, maximum values 
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Figure 12.—Relative frequency surfaces and frequency histograms for January. Data are shown for the 1-degree squares labelled 6 through 10 in 
the upper left inset. Contours of relative frequency are drawn at intervals of 2.5%. Mean vector wind stress is indicated by an arrow. 


of wind stress are evident near Punta Eugenia in May. A 
large maximum occurs just south of Cape Mendocino 
between May and August. A smaller, local maximum oc- 
curs in May and June at lat. 36°N. 

Figure 13 is similar in appearance to a time series of 
offshore Ekman transport shown by Bakun et al. (1974). 
They showed a good correlation between the occurrence 
of maximum offshore transport at lat. 39°N and a sup- 
pression of seasonal warming in the adjacent coastal 
waters during early summer, which is indicative of up- 
welling. The timing of the central wind stress maximum 
off the coast from Cape Mendocino agrees with the 
description of the mean yearly cycle of indicated up- 
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welling given by Bakun (1973). However, Bakun’s data 
are spatially distorted, and indicate maximum values at 
lat. 33°N, long. 119°W in the middle of the Southern 
California Bight. The spatial distortion is primarily 
caused by development of an intense thermal low over 
southern California during the summer. The influence of 
this low pressure system, and the effects of coastal moun- 
tain ranges distort the analyzed pressure fields used in 
Bakun’s computations. 

The time series of alongshore surface wind stress (Fig. 
13) suggests a slight tilt, with time and space, to the 
region of maximum values. This corresponds to a north- 
ward shift in the intensity of the surface wind stress from 
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April and May off the coast of Baja California to June, 
July, and August off Cape Mendocino and Cape Blanco. 

Figure 14 indicates a tendency for the surface wind 
stress to be directed onshore throughout the year north of 
lat. 30°N. Off the coast of Baja California, surface stress 
is characterized by offshore components, except between 
the months of April and October. Offshore components 
are also apparent in the vicinity of Cape Mendocino and 
Point Conception. Near these points, abrupt changes in 
coastline orientation may influence the direction and 
magnitude of the surface wind stress. 


WIND STRESS CURL 


The surface wind stress curl is the forcing function for 
the vertically integrated mass transport of the wind- 
driven ocean circulation. Under linear, steady-state con- 
ditions on the “‘B-plane,” in the absence of friction and 
interactions with bottom topography, the meridional 
component of mass transport (My) is directly propor- 
tional to the vertical component of the curl of the wind 
stress as expressed in Equation (6): 


=> = 


“(VxXT) 
B 

where M, is the meridional component of the vertically 
integrated mass transport, ( is the meridional derivative 
of the Coriolis parameter f, and “ke (YX) is the vertical 
component of the wind stress curl. According to the sim- 
plified model, positive (negative) wind stress curl is 
associated with northward (southward) meridional 
transport. Surface Ekman divergence (convergence) cor- 
responding to positive (negative) wind stress curl is 
balanced by geostrophic convergence (divergence) in the 
northward (southward) meridional flow. 

Coastal upwelling occurs only at the ocean boundary. 
However, wind induced upwelling will occur whenever 
divergence in the surface wind drift is not balanced by 
other modes of horizontal surface flow. Figure 15 shows a 
mechanism by which the wind stress curl determines the 
divergent or convergent nature of the surface wind drift 
offshore of the primary coastal upwelling zone. A 
seaward increase in the equatorward wind stress parallel 
to the coast (Fig. 15A) is characterized by positive wind 
stress curl. In this situation, the offshore component of 
Ekman transport increases in the offshore direction, 
resulting in continued surface divergence. Upwelling is 
required to maintain the mass balance. If the equator- 
ward longshore surface wind stress decreases in the off- 
shore direction (Fig. 15B), the wind stress curl is 
negative. Convergence in the surface wind drift will 
result. Frontal formation and downwelling may occur 
just offshore of the primary coastal upwelling zone. 


(6) 


M,= 


Figure 13.—Seasonal cycle of alongshore surface wind stress near 
the coast. Means of the alongshore components of wind stress were 
computed by month for the 1-degree squares immediately adjacent to 
the coast. Units are dyne cm~. The contour interval is 0.5 dyne cm™ 
Equatorward alongshore stress is shaded. Numbers along ordinate 
are degrees north latitude. 
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Figure 15.—A conceptual diagram of the relationship of wind stress 
curl to the divergence and convergence of surface Ekman transport 
offshore of the primary coastal upwelling zone. 


Direct measurements of wind stress curl are not 
available; however, the curl of the monthly mean sur- 
face wind stress fields has been computed. The vertical 
component of the curl of the wind stress in spherical 
coordinates is defined by: 


— — 1 


OT, @ 
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(7, cos #) | (7) 
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where F is the radius of the earth, ¥ and A denote geo- 
graphic latitude and longitude, respectively, and 7, and 
T, denote the eastward and northward components of the 
mean surface wind stress. A finite difference equation 
approximating the curl at the grid point (7, /) in Figure 16 
is given by: 
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where AY = AX = 1°. The method is similar to calcula- 
tions described by Hantel (1970). Centered differences 
were utilized throughout the interior of the data grid. 
Forward and backward differences were required along 
the boundaries. As a result, certain artificial features 
may have been introduced at these boundaries. 


Monthly Curl Distributions 


Monthly fields of surface wind stress curl are dis- 
played in Appendix III (Charts 37 to 48). These dis- 
tributions correspond to the monthly mean wind stress 
distributions shown in Appendix I. Values are plotted in 
units of dyne cm~ per 100 km. A value of 1 dyne cm~ 


NEGATIVE 


Figure 14.—Seasonal cycle of onshore surface wind stress near the 
coast. Means of the onshore components of wind stress were com- 
puted by month for the 1-degree squares immediately adjacent to the 
coast. Units are dyne cm~. The contour interval is 0.5 dyne cm~. 
Offshore stress is shaded. Numbers along ordinate are degrees north 
latitude. 
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Figure 16.—Discretization grid used in calculating the wind stress 
curl. 


per 100 km is equivalent to 1 X 10 ‘dynecm °. Negative 
values of wind stress curl are shaded. 

Small scale features evident in these distributions 
should be viewed with caution. Detail within a single 1- 
degree square area which is not supported by similar 
values in surrounding squares probably reflects “‘noise”’ 
in the monthly means of surface wind stress. Objective 
smoothing procedures applied to the monthly mean wind 
stress fields would result in more homogeneous dis- 
tributions of wind stress curl. A particular method has 
been described by Evenson and Veronis (1975). 

Characteristic absolute magnitudes of the spatially 
averaged wind stress curl are 1 X 10~° dyne cm-3. This 
value is approximately a factor of two less than the sum- 
mertime mean reported by Halpern (1976) for an up- 
welling region near the Oregon coast. Considering the 
time and space averages used in the present study, this 
difference appears to be reasonable. However, the values 
are consistent with wind stress curl calculations reported 
by Saunders (1976). The probable errors associated with 
these estimates of wind stress curl may be calculated 
from a knowledge of the spatial distributions of standard 
errors of the (wind stress) component means (see Appen- 
dix II). On average, the expected error is 1 X 10 °dyne 
cem~*, with maximum and minimum errors of 4 xX 10° 
dyne cm~3 and 1 X 101° dyne cm~3, respectively. Of 
course, these values apply to particular individual 1- 
degree squares. Large values generally correspond to 
“holes” in the distributions, which are easily seen in the 
monthly charts. For larger space scales, errors as- 
sociated with the gradients of the mean wind stress com- 
ponents would tend to cancel. Thus, greater confidence 
may be expected for the patterns of wind stress curl 
which are consistent over several degrees of latitude and 
longitude. 
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The large-scale features of positive and negative curl 
along the coast are significant. Important details to note 
are the sign of the wind stress curl at the coast, and the 
position of the line of zero wind stress curl. A general 
feature common to all months is the occurrence, on 
average, of positive wind stress curl near the coast, and 
negative curl at some distance offshore. This feature is 
well developed from May to September. Greater spatial 
variability is evident in winter distributions. 

Existence of an offshore wind stress maximum results 
in a line of zero wind stress curl approximately parallel to 
the coast. Positive curl occurs inshore of the maximum 
wind stress. Negative curl in the offshore region is as- 
sociated with the anticyclonic atmospheric circulation 
over the interior ocean. The positive curl near the coast is 
related to topography and to local features in the surface 
wind stress distributions. 


The distributions from December to March are charac- 
terized by positive wind stress curl near the coast from 
San Francisco to northern Baja California, and south of 
Punta Eugenia. Large areas of associated Ekman diver- 
gence extend several hundred kilometers off the coast. 
The patterns of wind stress curl are less well behaved 
near the coasts of Oregon and Washington. However, 
negative wind stress curl near this coastal region appears 
to be typical of the distributions during the winter. 


During spring and summer upwelling seasons, the 
dominant patterns of surface wind stress curl are easily 
recognized. The line of zero wind stress cur! parallels the 
coast approximately 200 to 300 km offshore, along the en- 
tire boundary from northern Baja California to Van- 
couver Island, and from June through September. 
Yoshida and Mao (1957) placed this line at ap- 
proximately 500 km from the coast. Considering the 
coarse resolution (5-degree squares of latitude and 
longitude) of their data, this disparity is not surprising. 

The months of April-May and October-November ap- 
pear as transitional periods. During transition from 
spring to summer, the negative curl along the coasts of 
Oregon and Washington shifts to positive curl. The off- 
shore distribution takes on a more uniform character. 
Scattered regions of positive and negative curl are replac- 
ed by a large area of negative curl. The late fall transition 
is marked by a total breakdown in the curl distributions 
within the northern sector of the grid. 

Several local (positive) curl maxima are associated 
with major topographic changes in the coastline con- 
figuration. Large values of positive wind stress curl are 
found near Cape Blanco, Cape Mendocino, San Fran- 
cisco, and Point Conception. These features may be real, 
or they may be artifices of the finite difference cal- 
culations or the data distributions. However, one does 
note that near Point Conception, the values of positive 
wind stress curl are consistent with a decrease in the 
magnitude of the surface wind stress in the lee of the 
point. Where areas of positive wind stress curl extend off- 
shore of capes, there would tend to be a continued, al- 
though much reduced, level of upwelling outside of the 
primary coastal upwelling regime. 


A region of negative wind stress curl (Ekman conver- NESS WES = ENS Waeias Sune 


gence) reaches the coast of Baja California between Punta 

Eugenia and Punta Baja to the north. This feature ap- NOAR — NATIONAL MARINE FISHERIES SERVICE 
pears consistently throughout the year. A partial break- Ta Raaee Ga TO 
down in this system occurs in August, October, and 7 aT pr 

November. However, considering the probable uncer- WING STRESS CURL 
tainties in these derived data, one might reasonably con- ( DYNE CH-2/180KH } 

clude that the coastal region near Punta Eugenia can be LONGSHORE TINESERIES GRID SECTION { 1) 
characterized in the mean by convergence in the surface LONG TERM MEAN 

wind drift. The distributions of wind stress curl in this 
area imply favorable conditions for formation of fronts 
and convergent patches of recently upwelled water. 
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Coastal Time Series 


The mean annual cycle of wind stress curl near the 
coast is shown in Figure 17. Positive wind stress curl oc- 
curs along most of the coast throughout the year. Excep- 
tions to this generalization are found in the region south 
of lat. 30°N and between lat. 40°N and 47°N. The tem- 
poral persistence of the negative wind stress curl near 
Punta Eugenia (lat. 29°N) is clearly seen in this time 
series. A similar feature occurs near the tip of Baja 
California. Seasonal variation between positive and 
negative curl is apparent from Cape Mendocino to the 
Columbia River. 

Yoshida and Mao (1957) presented evidence indicating 
that open-ocean upwelling is related to wind stress curl. 
This process is distinct from coastal upwelling which is 
primarily a boundary phenomenon. However, the two 
mechanisms are not totally independent. In regions 
where positive wind stress curl occurs, such as between 
lat. 30°N and 40°N throughout the year, and near the 
coasts of Oregon and Washington during the summer, as- 
cending motion related to the wind-induced divergence 
offshore enhances the upwelling associated with the more 
dominant coastal divergence. 
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large extent of the California Current and shifts north- 
ward and intensifies from winter to summer. This 
process is a primary forcing function for coastal up- 
welling. Off Baja California, wind-induced surface 
divergence occurs on average throughout the year. Down- 
welling occurs near the coast of Vancouver Island, except 
during the restricted period between May and August 
when a small equatorward component of surface wind +o. a7 o. a7 azatal 2.03 a. a2 a. = 
stress is observed. oe Se ae a 
The major seasonal variations in the magnitude and 
direction of the surface wind stress can be described 


Figure 17.—Seasonal cycle of wind stress curl near the coast. The 
wind stress curl is shown by month for the l-degree squares im- 
mediately adjacent to the coast. The calculations were based on the 
monthly mean surface wind stress distributions. Units are dyne cm 2 
per 100 km. The contour interval is 0.25 dyne cm-? per 100 km. 
Negative values are shaded. Numbers along ordinate are degrees i . meieercretts 
north latitude. JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC 
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simply in terms of the general atmospheric circulation 
over the northeast Pacific Ocean. Monthly mean surface 
pressure charts typically show two well-developed pres- 
sure cells. A high pressure system over the ocean shifts 
northward and increases in strength from winter to sum- 
mer. The center of the cell moves in a northwestward 
direction. This shift in the large-scale anticyclonic cir- 
culation results in the observed winter to summer rever- 
sal in the alongshore component of wind off the coasts of 
Oregon and Washington. A low pressure system is 
situated over the southwestern United States. This 
semipermanent thermal low is fully developed over the 
Central Valley in California during the summer. Cy- 
clonic circulation associated with the low leads to 
equatorward surface wind stress parallel to the coast. 
The amplitude of the annual cycle is large. During win- 
ter, both of these pressure cells weaken. The high pres- 
sure system moves southward and the coasts of Oregon 
and Washington come under the influence of the intense 
low pressure system in the Gulf of Alaska. 

The primary mechanism controlling the location and 
strength of the wind stress maximum and the associated 
coastal upwelling is described by seasonal variations in 
the gradient between the two pressure cells. During the 
winter, this gradient is weak. Strong heating over the 
continent during summer deepens the low and increases 
the amplitude of the onshore-offshore pressure gradient. 
As a result of the northward shift and strengthening of 
the high, and deepening of the low, the region of max- 
imum wind stress moves from the area south of Point 
Conception to the vicinity of Cape Mendocino. These 
variations are, of course, a function of differential ocean- 
continent heating related to the annual cycle of solar 
radiation. 


Physical Implications 


Climate of the adjacent coastal regions is influenced 
by upwelling. During summer, the dome of high pres- 
sure which develops over the North Pacific Ocean favors 
large-scale subsidence and a strong temperature inver- 
sion over the west coast of the United States. This sup- 
presses deep cloud formation and greatly inhibits 
precipitation. Unpublished distributions of cloud cover,® 
summarized from ship observations, show a large on- 
shore-offshore gradient in the total cloud amount. 
Minima occur at the coast. The effect of the large-scale 
subsidence is noted in the true desert climate of Baja 
California, and in the almost complete lack of rainfall 
along the coasts of California, Oregon, and Washington 
during the summer. Coastal upwelling primarily in- 
fluences the local climate of the nearshore zone within 10 
to 20 km of the coast and contributes to the formation of 
low stratus clouds and fog typical of much of the coast 
along California and Oregon. 


‘Distributions of monthly mean cloud cover over the California Current 
are on file at Pacific Environmental Group, National Marine Fisheries 
Service, NOAA, Monterey, CA 93940. 


23 


A secondary mechanism may account for local inten- 
sification of surface wind stress and persistence of coastal 
upwelling over periods ranging from several weeks to a 
few months (Bakun 1974). In a simplified positive feed- 
back model, wind stress parallel to the coast brings cold 
water to the surface and cools the adjacent air. The 
resulting temperature contrast between the continent 
and the ocean increases the local pressure gradient. 
Alongshore surface winds are increased and upwelling is 
enhanced (Ramage 1971). This mechanism may be 
slightly modified by the effect of atmospheric stability. 
In the summertime coastal upwelling zone, the air-sea 
temperature difference is usually positive. This stable 
stratification decreases the magnitude of the surface 
wind stress. The resulting negative feedback may par- 
tially offset the increase in surface winds associated with 
the described changes in the local pressure gradient. 


The existence of maximum wind stress some 200 to 300 
km from the coast is an interesting feature. Of course, a 
maximum in the onshore-offshore pressure gradient off- 
shore may explain this phenomenon. Positive feedback 
associated with wind-induced upwelling extending hun- 
dreds of kilometers off the coast may act to intensify the 
alongshore winds. However, this feature also suggests a 
coastal boundary layer which acts to frictionally retard 
the winds near the coast, leading to a positive wind stress 
curl in the nearshore region. 


A characteristic feature of the wind stress curl dis- 
tributions is the occurrence of a line of zero curl at some 
distance from the coast. Observations show positive curl 
inshore of this line and negative curl in the offshore 
region. A theoretical analysis suggests that a poleward 
undercurrent along an eastern boundary is favored by 
positive wind stress curl along the coast and a poleward 
decrease in surface heating (Pedlosky 1974a). The 
monthly distributions of wind stress curl presented in 
this study are generally consistent with an equatorward 
Sverdrup flow offshore and a poleward Sverdrup flow 
near the coast, except in the region from Punta Eugenia 
to Punta Baja, where the wind stress curl is negative. The 
general pattern of positive wind stress curl along the 
coast and observations of the California Countercurrent 
(Wooster and Jones 1970; Wickham 1975) are consistent 
with Pedlosky’s theory. 


The Sverdrup transport balance expressed in Equation 
(6) may provide a simple and reasonable explanation for 
the existence of the current-countercurrent system ob- 
served along the west coast of the United States. Trans- 
port calculations, based on the July wind stress curl data 
for the line of 1-degree squares extending offshore of 
Cape Blanco (lat. 43°N), show a net southward trans- 
port of 3.5X 10° gs_ '. Within 300 km of the coast, an in- 
tegrated northward transport of 2.2 xX 10g s ‘is re- 
quired. Negative wind stress curl between long. 127°W 
and 133°W is associated with a southward vertically in- 
tegrated mass transport of 5.7 X 10g s~!. These values 
underestimate, by a factor of two, the total volume trans- 
port of 10 sv (1 sverdrup = 10° m*s_!) for the California 
Current suggested by Sverdrup et al. (1942:724). 


A relationship between wind stress curl and the 
California Current system has been suggested. The data 
indicate that the poleward undercurrent observed along 
the west coast of North America may be driven locally by 
positive wind stress curl. However, a possibility does ex- 
ist that the boundary current is not entirely the result of 
local forcing. Coastal areas may respond to wavelike dis- 
turbances propagating from other regions of the ocean 
(Wyrtki 1975), or to other nonlocal processes (Pedlosky 
1974b). 


Biological Implications 


Relationships among patterns of coastal and 
equatorial upwelling and distributions of primary 
production have been discussed by Cushing (1969). 
Favorable conditions for phytoplankton growth are 
maintained within surface photic layers by upwelling of 
nutrient-rich subsurface water. Offshore divergence 
related to the curl of the wind stress effectively extends 
the width of the biological upwelling zone. Fronts may 
form in areas of negative wind stress curl just offshore of 
the primary coastal convergence, such as near Punta 
Eugenia. These fronts would tend to concentrate both 
the available food and the grazers within the same areas. 
This process may be important to survival of fish stocks 
which spawn in this coastal region. 

Seasonal changes in surface circulation may also 
provide mechanisms for survival and possible separation 
of stocks along the coast. The current-countercurrent 
system characteristic of southern California suggests a 
mechanism whereby pelagic fish could migrate seasonal- 
ly from primary feeding grounds within the coastal up- 
welling regime off northern California to spawning 
grounds off Baja California. 

A general requirement for vertically integrated north- 
ward Sverdrup transport along the coast apparently 
breaks down near Punta Eugenia where negative wind 
stress curl is observed (Fig. 18A). In this region, there 
must be southward vertically integrated Sverdrup trans- 
port. 

With this consideration in mind, it is interesting to 
note the winter distribution of surface currents depicted 
in Figure 18B. The large-scale pattern suggests two 
separate cyclonic gyres associated with positive wind 
stress curl in the Southern California Bight, and south of 
Punta Eugenia. In the region of negative wind stress curl, 
the indicated surface flow is toward the south. 

The importance of coastal upwelling, offshore diver- 
gence, and patterns of surface circulation to the early 
survival of larvae in the California Current region has 
been recognized (Anonymous 1952). The cor- 
respondences of features in the patterns of wind stress 
curl, surface currents, and winter distributions of the 
northern anchovy, Engraulis mordax, (Vrooman and 
Smith, 1971), shown in Figure 18C, are highly suggestive 
of larval transport mechanisms which could lead to for- 
mation of subpopulations of pelagic fishes in the Califor- 
nia Current. These mechanisms have been described by 
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Figure 18.—Distributions of: A. wind stress curl, B. surface cur- 
rents, and C. anchovy subpopulations. Wind stress curl is shown for 
September. Units are dyne cm ~ per 100 km. The contour interval is 
0.25 dyne cm~-2 per 100 km. Negative values are shaded. The winter 
distribution of surface currents is depicted in terms of 2-degree sum- 
marizations of ship drift data. Vector symbols are scaled according to 
the key on the chart. Units are cms~!. Large arrows suggest the split 
cyclonic circulation which develops off southern California and Baja 
California. The winter distributions of the three subpopulations of 
northern anchovy are shown in the bottom figure. Figure C is after 
Vrooman and Smith (1971). 


Parrish (1976). Distributions of Pacific mackerel, Scom- 
ber japonicus, are similar to those for central and 
southern subpopulations of northern anchovy shown in 
Figure 18C. 


CONCLUSIONS 


The present study has demonstrated the utility of his- 
torical marine observations in describing details of sur- 
face properties over an area of the North Pacific Ocean. 
Resolution by 1-degree square and long-term month is 
feasible when the amplitude of the seasonal cycle is 
large. This method of summarization may fail in regions 
of sparse data, or in the tropics where long-term fluc- 
tuations frequently obscure the seasonal cycle. 

Summarization of these data by 1-degree square, 
month, and year often fails to produce consistent time 
series. The resulting fields may not be statistically sig- 
nificant if the mean values are based on too few obser- 
vations. Objective analysis provides a method to obtain 
consistency in time and space. However, with these 
methods, continuity in time is gained at the expense of 
spatial resolution. An empirical approach might be used 
to calibrate the large-scale analyzed fields in terms of the 
features evident in higher resolution distributions, such 
as those presented in this report. The resulting time 
series could be related to fluctuations of marine 
biological communities which must respond to wide 
variations in environmental conditions on time scales 
ranging from a few days to several years. 
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APPENDIX I 
Monthly Surface Wind Stress Distributions 


The long term composite monthly mean surface wind 
stress distributions are displayed in Charts 1 to 12 as 
resultant vectors, in Charts 13 to 24 as the eastward com- 
ponents, and in Charts 25 to 36 as the northward com- 
ponents. The values are plotted in units of dyne cm”. 
The month is indicated in the figure legend in the upper 
right corner of the charts. The two years displayed below 
the month, for example 1858-1972, correspond to the year 
of the earliest report and the year of the most recent 
report, respectively. The coastline configuration is 
superimposed on the grid as a visual aid and does not 
represent a conformal mapping. 

In Charts 1 to 12, the vectors are plotted according to 
the scale shown below the figure legend. The mean vec- 
tor magnitudes are contoured at intervals of 0.5 dyne 
cm -. Magnitudes greater than 1.0 dyne cm ° are shad- 
ed. 

Charts 13 to 24 display contoured values of the east- 
ward component of the resultant surface wind stress. The 
contour interval is 0.5 dyne cm~2. Positive values corre- 
spond to eastward components. Negative values are 
shaded. 

The northward component of the resultant stress is 
plotted in Charts 25 to 36. The contour interval is 0.5 
dyne cm~*. Positive values correspond to northward 
components. Negative values are shaded. 
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Chart 1.—Resultant surface wind stress vectors for January. 
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Chart 2.—Resultant surface wind stress vectors for February. 
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Chart 3.—Resultant surface wind stress vectors for March. 
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Chart 4.—Resultant surface wind stress vectors for April. 
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Chart 5.—Kesultant surface wind stress vectors for May. 
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Chart 6.—Resultant surface wind stress vectors for June. 
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Chart 7.—Resultant surface wind stress vectors for July. 
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Chart 8.—Resultant surface wind stress vectors for August. 
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Chart 9.—Resultant surface wind stress vectors for September. 
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Chart 10.—Resultant surface wind stress vectors for October. 
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Chart 11.—Resultant surface wind stress vectors for November. 
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Chart 12.—Resultant surface wind stress vectors for December. 


39 


NCC - TDF-11 - ONE DEGREE SUMMARIZATION 


@ 


(2120S Ne BGM SAS Mi aaeT 


IS7MISEMISSTTS4Is3132 


131 132 125" 1282726 MI25S NIZAM 123M22 


T 
1 
, ' ' 


2.71 0.74: 


2.56 44 058.58 B. a 


NOAR 
NATIONAL MARINE FISHERIES SERVICE 
PACIFIC ENVIRONMENTAL GROUP 
MONTEREY. CALIFORNIA 


EAST COMPONENT r 
SURFACE STRESS [ 


( DYNE CM-2 } 4 


COLUMBIA RIVER 


LONG TERM MEAN 
CAPE BLANCO FOR 4 


JANUARY n 
1657 - 1972 


8.56 9.66 9 


0.89 0.73 9.36 B15 8.2, 8. 82 


Sse sec pe be Sad bees SSR a ae 


Ho ona 8.25 2.37\2.62 0.88 B éo 0.72, 


bees) J-~~-4~---4~----4----4----4-X24----45/-™ YX 


| B.A? 8.35 B56 0.38 8.95 


CAPE MENDOCINO 


eae ce Bee eae 


28 0. ; 


es Se Ss Ss a ee as Se a ee Se Se eee esoee! Ry BENS ent oe nomrtatern er 2 SoS Aja sSécood) Joe ee a5 s5e) 


: 0.16 0.08 9.13 8.99 


Sap eae ae 


ie 119 118 iT 116 Tis 114 3 112 111 


Chart 13.—East component surface wind stress for January. 
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Chart 14.—East component surface wind stress for February. 
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Chart 15.—East component surface wind stress for March. 
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Chart 16.—East component surface wind stress for April. 
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Chart 17.—East component surface wind stress for May. 
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Chart 18.—East component surface wind stress for June. 
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Chart 19.—East component surface wind stress for July. 
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Chart 20.—East component surface wind stress for August. 
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Chart 21.—East component surface wind stress for September. 
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Chart 22.—East component surface wind stress for October. 
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Chart 23.—East component surface wind stress for November. 
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Chart 24.—East component surface wind stress for December. 
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Chart 25.—North component surface wind stress for January. 
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Chart 26.—North component surface wind stress for February. 
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Chart 27.—North component surface wind stress for March. 
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Chart 28.—North component surface wind stress for April. 
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Chart 29.—North component surface wind stress for May. 
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Chart 30.—North component surface wind stress for June. 
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Chart 31.—North component surface wind stress for July. 
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Chart 32.—North component surface wind stress for August. 
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Chart 33.—North component surface wind stress for September. 
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Chart 34.—North component surface wind stress for October. 
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Chart 35.—North component surface wind stress for November. 
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Chart 36.—North component surface wind stress for December. 
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APPENDIX II 
Standard Errors of the Means 


The following tables list the computed standard errors 
of the monthly means by 1-degree square area for the 
eastward and northward components of the resultant 
surface wind stress. The standard errors of the means are 
defined by Equation (3). Each page contains values for 
30 1-degree squares blocked in groups of 10. Within each 
group of 10, all 1-degree squares are defined by a com- 
mon latitude. The first set of values corresponds to the 1- 
degree square immediately adjacent to the coast. The 
final tabulations refer to the 1-degree square farthest 
from the coast. 

The standard error of the mean is tabulated for each 
month and square. The latitude and longitude of the cen- 
ter of the 1-degree square is listed at the left. The first 
two numbers below each month are the standard errors of 
the means for the eastward and northward components, 
respectively. The units are dyne cm °. The last value is 
the number of observations. 
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APPENDIX III 
Monthly Wind Stress Curl Distributions 


The monthly mean wind stress curl distributions are 
displayed in Charts 37 to 48. The plotted values are es- 
timates of the vertical component of the wind stress curl, 
calculated by applying a finite difference, spherical coor- 
dinate curl operator to the fields of monthly mean sur- 
face wind stress. The contoured values are plotted in 
units of dyne cm~*per 100 km. A value of 1.0 dyne em” 
per 100 km is equivalent to 1.0 X 107’ dyne cm °. The 
contour interval is 0.25 dyne cm “per 100 km. Positive 
wind stress curl is associated with surface Ekman diver- 
gence (upwelling). Negative values are shaded. These 
correspond to surface Ekman convergence (downwelling). 

In the following charts, the month is indicated in the 
figure legend in the upper right corner of the charts. The 
coastline configuration is superimposed on the grid as a 
visual aid and does not represent a conformal mapping. 
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Chart 37.—Wind stress curl for January. 
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Chart 38.—Wind stress curl for February. 
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Chart 39.—Wind stress curl for March. | 
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Chart 40.—Wind stress curl for April. 
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Chart 41.—Wind stress curl for May. 
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Chart 42.—Wind stress curl for June. 
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Chart 44.—Wind stress curl for August. 
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Chart 45.—Wind stress curl for September. 
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Chart 46.—Wind stress curl for October. 
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Chart 47.—Wind stress curl for November. 
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Chart 48.—Wind stress curl for December. 
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Bottom Obstructions in the Southwestern 
North Atlantic, Gulf of Mexico, and Caribbean Sea! 


G. MICHAEL RUSSELL, ABRAHAM J. BARRETT, L. STEVE SARBECK, 
and JOHN H. WORDLAW? 


ABSTRACT 


Lists of bottom obstructions are provided to aid in avoiding potential hazards to fishing gear. 
Locations, depth, gear type, and damage received are included. Within the regions, the following 
numbers of obstructions are identified: 267 southeastern North America, 320 Gulf of Mexico, 23 West 
Indies, 119 Caribbean Sea, and 59 northeast coast of South America. 


INTRODUCTION 


Damage to fishing gear from bottom obstructions is 
costly in lost time and gear replacement or repair. To ef- 
fectively reduce gear damage, fishermen keep their own 
records of obstructions encountered during fishing 
operations, but few of these personal records have been 
published. There are two additional sources for infor- 
mation on obstructions: Graham (1975) and the Ob- 
struction Commission, Gulf State Marine Fisheries 
Commission, New Orleans, La. 

Since 1950 the National Marine Fisheries Service (for- 
merly Bureau of Commercial Fisheries) had located 788 
obstructions during research cruises. This report 
provides fishermen, operating in the southwestern North 
Atlantic and adjacent areas, with locations of these ob- 
structions. However, no attempt has been made to iden- 
tify them. 


DATA FORMAT 


The southwestern North Atlantic has been divided 
into five regions to help find these obstructions: 1) 
southeastern North America, 2) Gulf of Mexico, 3) West 
Indies, 4) Caribbean Sea, and 5) northeastern South 
America. 

Division between these regions is based on latitude and 
longitude, and major geographical features that form 
natural boundaries (Fig. 1). The location of obstructions 
within these five regions is arranged from north to south 
(latitude) or east to west (longitude), depending on a 
- fisherman’s orientation to the shoreline. Locations 
within regions 2 (Gulf of Mexico), 3 (West Indies), and 4 
(Caribbean Sea) are listed from east to west (increasing 
longitude); locations within regions 1 (southeastern 


‘Contribution No. 77-08P from the Southeast Fisheries Center, Pasca- 
goula Laboratory. 

*Southeast Fisheries Center Pascagoula Laboratory, National Marine 
Fisheries Service, NOAA, P.O. Drawer 1207, Pascagoula, MS 39567. 


North America) and 5 (northeastern South America) are 
listed from north to south (decreasing latitude). 

Information on depth, gear, and damage is also provid- 
ed. Loran positions are included for those areas where 
readings are considered reliable. 


APPLICATION 


The area to be fished can be identified from the 
orientation chart (Fig. 1). If fishing is to be conducted in 
the Gulf of Mexico (region 2) then the longitude of the 
fishing area should be determined. The positions and 
depth of obstructions can then be obtained directly from 
the listing, including type of damage to gear. 

Example: A fisherman plans to fish between lat. 29°00’ 
and 29°50'N and long. 80°30’ and 80°40'W. He finds the 
area is in southeastern North America, region 1 (Fig. 1). 
He then refers to the obstruction location listing for this 
region. The locations between lat. 29°00’ and 29°50'N are 
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Figure 1.—Geographic boundaries of the five regions where obstruc- 
tions have been located. 


blocked off. The obstructions located between long. 
80°30’ and 80°40'W can then be easily marked and located 
on the fishing chart. 

It should be kept in mind that an obstruction may 
deteriorate or be removed after it is reported. Particular 
attention should be paid to type of gear and damage sus- 
tained because other gear may not be affected. Generally 
loran fixes were used to derive latitude and longitude 
readings. However, some slight inaccuracies may exist 
when loran fixes were not provided. 
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APPENDIX TABLE 


Codes to Gear and 
Damage 


Gear 


Abbreviation 


Scallop trawl 
Lampara seine 
Purse seine 
Gill net 

Lift net 
Separator net 
Shrimp traw! 
Tumbler dredge 
Fish trawl 
Scallop dredge 
Midwater trawl 
Beam trawl 
Clam dredge 


PT 
LP 
PS 
GN 


Damage 


Abbreviation 


Torn webbing 
Lost whole rig 
Hang-up 
Gear fouled 


ANY 


REGION 


Pad feed peed bad fred ed ead fed bah ed bed fend feed ad bed fact teed fem fem teed arnt rest brut bet nd font freed ee ted fed fed fd fed fed fort feed bend bead emt feed fend fat fad 


2400 TO 3830 N-eLATe 


LATITUDE 


3651 
3649 
3645 
3636 
3623 
3622 
3554 
3550 
3543 
3546 
3545 
3544 
3542 
3541 
3536 
3522 
SST 
3515 
3508 
3507 
3506 
3506 
3505 
3505 
3457 
3454 
3454 
3453 
3452 
3446 
3445 
3438 
3437 
3437 
3436 
3433 
3433 
3432 
3431 
3426 
3425 
3424 
3418 


NATTONAL MARINE FISHERIES SERVICE 
SEFC»sPASCAGOULA LAB 


HANG DATA 


SOUTHEASTERN NORTH AMERICA 


LONGITUDE 


7439 
7441 
7440 
T4H43 
7449 
7448 
7452 
7454 
7453 
7450 
7448 
7451 
7451 
7452 
7451 
7452 
7500 
7459 
7508 
7504 
7509 
7510 
7506 
7509 
7523 
7523 
7525 
7530 
7532 
7537 
7538 
7548 
7538 
7544 
7545 
7546 
7706 
7651 
7640 
7542 
7652 
7544 
7708 


DEPTH(FMS) 


5930 TO 8100 W.LONG. 


LORAN A 


3H42286 
3H42257 
3H42220 
3H42112 
3H41940 
3H41936 
3H41627 
SH491576 
3H41575 
3H41568 
3HS1568 
3H41537 
3H41523 
3H4S1506 
3H41470 
3H41354 
3H41261 
3H41255 
3H41158 
SH41185 
3H41146 
3H41140 
3H41168 
3H41143 
3L14760 
3H41052 
3L14757 
3L14765 
3L14765 
3L14759 
3L14758 
3L14763 
3L14740 
3L14754 
3L14753 
SLI47T4HE 
3114926 
3L14888 
3L14860 
3L14718 
3L14876 
3L14719 
3L14999 


3H52932 
3H52334 
3H52935 
3H52923 
3H52922 
3H52918 
3L14817 
3L14814 
3L14810 
3L14799 
3L14794 
3L14799 
3L14793 
3L14794 
3L14782 
3L14755 
3L14758 
3L14753 
3L14754 
SLI4G74S 
3L14752 
3L14753 
SLI47FR3 
3L14750 
SHE1143 
3L14750 
3HE1173 
3H61195 
SHE1211 
3H61295 
3H61304 
3H61425 
3H61378 
3H61409 
3H61425 
3H61459 
3H62U86 
3H61970 
3H61880 
3H61498 
3H62019 
3H61523 
3H62205 


GEAR 


DAMAGE 


AHA HAHAHA ANAM NA AFF AFF ATF AIN SRP ARAM RP AA FAH AA MNG HAO 


REGION 


eee coal cell canal cecil some cell cell ceeed cecil see coe ee eee eed ee cee te ee ee ee ee ce ee ce ce ee ee ee ce ee cee cee en on oe cee ae a ee ee coe ee ee 


2400 TO 3830 NeLATe 


LATITUDE 


3416 
3416 
3414 
3407 
3407 
3404 
335 7 
3354 
3352 
3343 
3341 
3340 
33359 
3336 
3335 
3335'S 
as29 
SSi25 
3324 
3324 
3321 
3321 
3320 
3305 
S301 
3255 
3254 
3254 
32535 
3250 
3249 
3248 
3247 
5239 
$2359 
S740 / 
5235 
3234 
3232 
3228 
3227 
3220 
321.9 
3219 


NATIONAL MARINE FISHERTES SERVICE 
SEFCe PASCAGOULA LAS8 


HANG DATA 


SOUTHEASTERN NORTH AMERICA 


LONGITUDE 


TSSi4 
7726 
7637 
TIA 
TZ! 
7615 
12S 
7808 
BLS 
7623 
7720 
wate 
7633 
PASISY TE 
7814 
764) 
7822 
7640 
7818 
7820 
7740 
7832 
7740 
7711 
7849 
7808 
TUZT 
T3V2 
7833 
T7817 
7838 
7820 
7823 
7833 
7836 
7951 
7829 
fos aa 
7844 
7849 
7806 
7812 
73945 
73946 


CEPTH(FMS) 


5330 TO 8100 W-.LONG. 


LORAN A 


SLI4717 
3L14940 
3L14811 
3L14898 
3L14908 
3L14730 
3L14377 
3L15002 
3L150093 
3L14678 
3L14830 
3L148 34 
3L14690 
3L24745 
3L14973 
3L14746 
3L14979 
3L14658 
3LI4951 
3L14964 
3L1482U0 
SLIT49:9)5 
3L12812 
3L14659 
3L14983 
3L14805 
3L14655 
3L14813 
3L14889 
3L14811 
3L14887 
3L14812 
3L14818 
3L148G9 
3L14815 
SLVST25 
3L14770 
3L14076 
3L14805 
3L14793 
3L14632 
3L14600 
3L1490C6 
3114900 


3HE1ES3 
3H62375 
3SHE1STS 
3HE2374 
SHE2401 
3H61896 
SHE2467 
3H62981 
3H62935 
3H62114 
3H62571 
SHE2575 
3H62220 
3HE24 20 
3H63065 
3H62319 
3HE3174 
3HE2368 
3H63175 
3HE3198 
3HE2875 
3H63312 
SHE2877 
3HE2740 
3H63595 
3H63270 
3H623927 
3H63304 
3H63500 
3H63374 
3HE3S65 
3H63414 
3SHE3S4H4S 
3H63570 
3HE3587 
3H64260 
SHE3S4E 
SHE4014 
3HE3690 
3HE3744 
3H63331 
3HE3459 
3HE4196 
3H64200 


GEAR 


DAMAGE 


NAMPA AFA TA TAN AAP SAA A FAA HA ATH INA AA AK ATTA AA ITA GANA INGA 


REGION 


mh fam fam fred head! ee fred feat fm fat fod fre) pd fd fad fod fd tet fd fd fant te fod fd fed re id hed fd fs fad fee) fond) fod foe be) fod fod fed ect fad feed fend 


LATITUDE 


3216 
3210 
3209 
3204 
3203 
S152 
3146 
S135 
S131 
Sst 
Sati 
3110 
3106 
3105 
3058 
3056 
3043 
3036 
3031 
3025 
3023 
3017 
3016 
3010 
3008 
3001 
3001 
3000 
3000 
2953 
2958 
2958 
2357 
2955 
2955 
2354 
2954 
2953 
2353 
2953 
295/35 
2352 
2352 
2952 


NATIONAL MARINE FISHERIES SERVICE 
SEFCe PASCAGOULA LAB 


HANG DATA 


SOUTHEASTERN NORTH AMERICA 
2400 TO 3830 NeLAT. 


LONGITUDE 


mIOS 
7834 
8021 
8024 
7926 
7822 
8034 
7938 
V2 
7946 
1955 
7954 
7956 
7956 
7947 
8110 
8015 
8013 
8002 
8026 
8004 
8016 
8012 
8016 
8018 
8010 
8031 
8008 
8010 
8009 
8010 
8011 
8011 
8010 
8012 
8011 
8013 
8005 
8012 
8013 
8019 
8011 
8012 
8013 


DEPTH{FMS) 


4G 
233 


53930 TO 8100 WeLONG. 


on 


LORAN A 


3L14765 
3L14598 
3L1474C 
3L14673 
3L14684 
3L14400 
3SL14442 
3L14375 
3L14308 
3L14316 
3L14078 
S3LI4072 
3L1 4004 
3L133996 
3L13900 
3L13800 
3L13782 
3113635 
3L135793 
3L13485 
3L13474 
SE133535 
3L13385 
3L13308 
3L13281 
3L13200 
3L13191 
3L13190 
3L13188 
3L131382 
SEisiys 
3L13153 
3L13150 
3L13124 
3113125 
3113119 
SIDS 1S 
SUSI 
3113106 
3113101 
3L13106 
3L13091 
3L13087 
3L13085 


3H63903 
3H63669 
3HE64279 
SHE4E7E 
SHE4OES 
3H636U5 
3HE64264 
SHE4C87 
SHE4O33 
3H64115 
3H64120 
3HE4115 
3H64115 
3H64113 
3HE4C73 
3SH64251 
SHO41L4E 
SHE4124 
3SHE4E38 
SHE4142 
SHE4C3E 
3H641G69 
3HE4094 
3HE4098 
3H64100 
SHE4DT4Y 
3HE4124 
3HE4068 
SHE4073 
SHE4E68 
SH64O70 
SHE4CTI 
SH64070 
3H64C063 
SHE4U69 
3H54068 
3H64073 
ZHE4O56 
3H64071 
SHE4C72 
3HE4SC87 
3HE4068 
3H64070 
3H64070 


GEAR 


DAMAGE 


AMUN NAAR AS AMNAP AA ATM TNANAANTA ATMA TARP ANANAA AIAN TTNG 


REGION 


eel ceed cell otal eee cee ce cee en cee cee ee cee oe ee mee cee ee see ee eee ce oe nee ee ee ee ee nc ce ee a oo oe ee ed 


2400 TO 3830 NeLATe 


LATITUDE 


2952 
2952 
2950 
2350 
2950 
2949 
2948 
2948 
2947 
2947 
2946 
2946 
2945 
23945 
23944 
2944 
2942 
2940 
2940 
2939 
2938 
29350 
2335 
23931 
2931 
2930 
2929 
2928 
2923 
2925 
2925 
2924 
2922 
29322 
2921 
29320 
2320 
2920 
2919 
2919 
2918 
ZOU 
2914 
2913 


NATIONAL MARINE FISHERIES SERVICE 
SEFC»PASCAGOULA LAB 


HANG DATA 


SOUTHEASTERN NORTH AMERICA 


LONGITUDE 


8017 
8031 
8007 
8011 
8012 
8036 
8010 
8012 
8011 
8013 
8010 
8011 
8012 
8028 
8010 
8103 
8010 
8011 
8017 
8012 
8016 
8010 
8011 
8008 
8009 
8008 
7953 
8008 
8003 
8014 
8015 
8007 
8006 
8007 
8039 
7949 
8014 
8016 
7359 
8018 
7953 
8004 
8002 
8032 


DEPTHUFMS) 


5930 TO 8100 W-LONG. 


LORAN A 


3L13090 
3L13085 
3L13070 
3L13073 
3L13075 
3L13045 
3L13045 
3L13044 
3L13025 
3L13027 
3L13011 
3L13006 
3L13000 
3L12996 
SUI2Z3995 
3L12978 
3L123971 
3L12941 
3L12943 
3L12925 
3L12915 
3L12900 
3L12875 
3L12835 
3L12838 
3L12820 
3L12812 
SEL 209i 
3L12796 
3L12760 
SEL2Z7TSS 
3L12751 
3L12724 
3L12723 
3L12705 
3L12700 
3L12690 
3L12698 
3L12687 
3L12686 
3L12675 
3L522394 
3L12625 
3L12607 


3HoO4C81 
SH64111 
3H64052 
SH6E4065 
3H64061 
3H64120 
3H6E4059 
3HE4063 
3HE8058 
3H64062 
3HE4056 
SHE4O57 
3HE4058 
3HE4O96 
3H6E4053 
3HE4165 
3HE4050 
3HE4053 
3HE4069 
3H64051 
3HE4061 
3H64048 
3HE4045 
3H64036 
SHE4G39 
3HE4D36 
3H63993 
3H64033 
3H64035 
SHE4042 
SHE4O4S 
3HE40ZS 
3H64019 
3HE4UD23 
3HE4097 
3H63974 
3H64037 
3HE4O045 
3HE3697 
3H64048 
3H63996 
3HE3845 
3HE4O001 
SHE4074 


GEAR 


DAMAGE 


TAAAAMMNMAMHNA ANA MP AABN TNAAAN AKA THANF AAA TP TANAATAS 


REGION 


red Fras eed fed ped fm eet bret fred reefers em) tr et eesti) frm fh fe) fd frm fora emda fred fell pull red fold found rm ford fs rath fered felt fnmtd fend ell fourth feed feet 


2400 TO 383G NeLATe 


LATITUDE 


2912 
2912 
2910 
2903 
2909 
2907 
2907 
2906 
2905 
2304 
2302 
2902 
2902 
2301 
2859 
2858 
2856 
2856 
2854 
2854 
2853 
2853 
2852 
2852 
2852 
2850 
2849 
2848 
2848 
2843 
2842 
2842 
2835 
2834 
2833 
2830 
2830 
2827 
2826 
2826 
2825 
2824 
2823 
2823 


NATIONAL MARINE FISHERIES SERVICE 
SEFCsPASCAGOULA LAB 


HANG DATA 


SOUTHEASTERN NORTH AMERICA 


LONGITUDE 


8002 
8019 
socs 
8000 
8037 
8001 
8031 
8017 
8016 
8013 
8016 
8038 
8039 
8031 
71987 
8007 
8003 
8016 
8007 
8036 
7958 
8014 
7946 
7954 
8033 
8004 
8010 
8028 
8028 
8005 
8008 
8012 
8014 
8007 
8015 
7951 
7952 
8004 
Uhl 
8010 
8005 
8014 
8009 
8017 


DEPTH( FMS) 


5930 TO 8100 W-LONG. 


LORAN A 


3L12599 
3L12598 
3LV2Z5S75 
3L51348 
3L12560 
3112550 
3L12543 
3L12525 
3L12510 
3L124939 
3LI2476 
3L12475 
3L12477 
3L12455 
SLI2443 
3L12429 
3L13241 
3L12400 
3L12378 
S$LT2379 
3L12370 
3L1237C 
3L12365 
3L1236C 
3L12352 
3L12330 
3L12317 
3L12300 
3L12300 
3L12248 
3L12228 
3L12227 
3L51223 
3L51247 
3L51212 
3L51311 
3L51306 
3L51242 
3151303 
3L51213 
3L51236 
3L51195 
3L51212 
3L12000 


3H6E400C 
SHE4043 
3HE4COS 
3H63930 
SHE4C8O 
3HE3998 
SHEQ067 
SHE4O 33 
3HE4035 
3SHE4623 
SHE4U3C 
3HE4O076 
3H64080 
3SHE4059 
3H63976 
3H64060 
SHE4G4S 
3H64023 
3HE3997 
3HE40ES 
3HE3S75 
SHE4D2E 
3HE3945 
3HE3963 
3HE405S7 
3H6E3988 
3H64C00 
SHE4C4) 
SHE4041 
SHE3986 
3HE3986 
3HE4COG 
3HE399F 
3HE63981 
3H63993 
3HE3938 
3H63940 
3H63969 
3H63935 
3HE3982 
3H63969 
3HE3990 
SHE3377 
3H63996 


GEAR 


DAMAGE 


ANNA AANP NAAM ANATNANTNAATR ARH AWN ATWN TTT AeA We AANTSG 


REGION 


Le ee coe ceed ee oe coer ee ce ce ee ce eed ee cere ce ee ee cee cn ee ee ee ee ce eed ee ee ee ed eee ed ee eee a ee ee ee oh oe ee ee 


2400 TO 3830 NeLAT. 


LATITUDE 


2823 
2821 
2821 
2819 
2818 
2816 
2811 
2809 
2809 
2809 
2807 
2803 
2803 
2800 
2759 
2759 
Z05)9 
Zot fry é 
2753 
2055 
2752 
2751 
2742 
2740 
2739 
2738 
2130 
2736 
2735 
2723 
2721 
2716 
2712 
2650 
2631 
2627 
2547 
2545 
2543 
2535 
2531 
2531 
2530 
2522 


NATIONAL MARINE FISHERTES SERVICE 
SEFC»PASCAGOULA LAB 


HANG DATA 


SOUTHEASTERN NORTH AMERICA 


LONGITUDE 


8031 
7951 
8014 
8034 
8034 
8005 
8010 
8003 
8010 
8014 
7940 
8006 
8014 
8006 
7856 
8008 
8012 
8005 
8005 
8008 
8003 
8002 
8003 
f 95:9 
7359 
8006 
8006 
8006 
8005 
7307 
7915 
8002 
1952 
7944 
8001 
8001 
FINS 
w959 
7320 
8000 
8000 
8006 
73919 
The) US) 


DEPTH{(FMS) 


$330 TO 8106 wW.LONG. 


LORAN A 


3L12000 
3L51294 
3L51189 
3L11968 
3L11°50 
3L51212 
3L51180 
3151205 
SSeS 
3L51160 
SUS TS2S 
SUS LITE 
3L51144 
3L51170 
SL51635 
SESLUSS 
3L51141 
3L51168 
SUST TS 
3151143 
3L51164 
3L51164 
SESTIS¥ 
SLSt 51 
3L51149 
SUSTIT 
3151109 
3L51105 
3L51108 
3L51660 
3L51490 
3L510693 
3L51142 
351220 
3151309 
3L51345 
351960 
3L51697? 
3L51985 
SUS177a 
3L51802 
351769 
3L52071 
3L52151 


SHE4O025 
3HE3935 
3HE3987 
3H64031 
3H64028 
3H63962 
SHE3S71 
3H63953 
3H63969 
3HE3978 
3H63896 
3HE3956 
3HE3974 
3H63954 
3H63771 
3HE3957 
3H63966 
3HE3949 
SHESS4E 
3H63954 
3H63941 
3H63939 
3H63935 
3HE3925 
3HE3924 
3HE3394C6 
3H63939 
3H6E3S38 
3H63935 
3HE3789 
3H63809 
3HE3918 
3H63893 
SHESE74 
3H63893 
3HE3EIS1 
3HE3787 
3HE35867 
3H63787 
3H63 866 
3H63864 
3HE387E 
3HE3785 
3HE3779 


GEAR 


DAMAGE 


MPAATNEK AM TNNAR PMA R EP NNANA A HMA AMAA AN TN TWP aA INGAG 


REGION 


fob fom pee bent 


REGION 


NNNNNNNNNNNNNNNNNNNNNNNNNN NNN NP PD 


NATIONAL MARINE FISHERIES SERVICE 
SEFC»PASCAGOULA LAB 


HANG 


DATA 


SOUTHEASTERN NORTH AMERICA 
2400 TO 3830 N-LAT. 


LATITUDE LONGITUDE 


2520 
2516 
2516 
2445 


8000 
8010 
8010 
7918 


DEPTH(FMS) 


GULF OF 


2415 TO 3020 NeLAT. 


LATITUDE LONGITUDE 


2431 
2415 
2413 
2618 
2600 
2545 
261 
2609 
2451 
2416 
2446 
2648 
2418 
2450 
2446 
(2 Ufea7 
2422 
2450 
2504 
72 al Th 
2707 
2425 
2428 
2429 
2429 
2433 
2930 
2928 
2845 
2925 
2938 
2455 


8116 
8124 
8141 
8202 
8203 
8203 
8203 
8210 
8212 
8230 
8230 
8245 
8254 
8259 
8259 
8302 
8305 
8307 
8308 
8310 
8319 
8323 
8329 
8330 
8331 
8334 
8335 
8403 
8407 
8412 
8415 
8417 


DEPTH( 


98 
153 
250 

6 


5330 TO 8100 W-LONG. 


3L51887 
3L51852 
3L51859 
3L52406 


MEXICO 


LORAN A 


3H63860 
3HE3877 
SHE3877 
3H63780 


8100 FO 9730 W.LONG. 


FMS) LORAN A 


3L 33583 
3L 33557 
3L33552 
3H1 3667 
3HO 1032 
3HO1046 
3HO1016 
3HO1034 
3HO1212 
3HO1178 
3HO1160 
3HO1130 
3HO12421 
SHO124E 
3HO1248 
3HO1428 
3HO1274 
SHO1271 
3HO1273 
3HO1465 
3HO1433 
3HO1332 
3HO1356 
3HO1357 
3HO1360 
3HO1372 
3HO2744 
3HO2948 
3HO 2650 
3HO 3000 
3HO 3101 
3HO1573 


3H13532 
3H13489 
3H13461 
3H01013 
3H13627 
3H13596 
3H13662 
3HI3636 
3H13475 
3H13374 
3H13429 
3H13668 
3H13326 
3H13376 
3H13368 
3H13727 
3H13308 
3H13456 
3H13382 
3H13702 
SHI365F 
3H135270 
3H13260 
3H13259 
3H13258 
3H13257 
3H33473 
3H33474 
SHI3877 
3H33471 
3H33492 
3H33160 


GEAR 


GEAR 


DAMAGE 


"AAA N 


DAMAGE 


(el oes ee en ee 


REGION 


NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN 


2415 TO 3020 N-eLATe 


LATITUDE 


2517 
2946 
ZES'S 
2914 
23909 
2804 
2747 
2808 
2807 
2932 
2836 
2854 
2907 
2240 
Z915 
2930 
3000 
3004 
2848 
3003 
3004 
3006 
2950 
3019 
2911 
2306 
2845 
2315 
29:39 
2922 
2958 
2939 
29271 
2928 
2926 
29333 
2358 
2924 
2929 
2923 
2914 
2935 
2926 
2320 


NATIONAL 


LONGITUDE 


8425 
8432 
8510 
8515 
8517 
8527 
8527 
8546 
8552 
8604 
8615 
8626 
8637 
8637 
8639 
8640 
8645 
S645 
SE4T 
8648 
8655 
8656 
8703 
8707 
8703 
8711 
8714 
8717 
8719 
8724 
8726 
8727 
8727 
8728 
8729 
8730 
8730 
8731 
8731 
8732 
8735 
8735 
8735 
8740 


MARINE FISHERTES SERVICE 
SEFC»PASCAGOULA LA8 


HANG DATA 


GULF OF MEXICO 


DEPTH(FMS) 


10 


8100 TO 93730 W.LONG. 


LORAN A 


3HO1641 
3HO 3282 
3HO 2681 
3HO 3400 
3HO 3366 
3HO 2809 
3HO 2675 
3SHO2927 
3HO 2942 
3HO 3608 
3HO 3232 
3HO 3372 
3HO 3455 
3HO1879 
3HO 3498 
3HO3567 
3HO3656 
3HO 3664 
3HO 3347 
3HO 3660 
3HO 3656 
3HO 3659 
3HO 3616 
3HO 3671 
3HO 2653 
3HO 2018 
3HO 3341 
3HO 3483 
3HO 3572 
3HO 3508 
3HO 3618 
3HO 3566 
3HO 3503 
3HO 3528 
3HO 3522 
3HO 3545 
3HO 2173 
3HO3512 
3HO 3531 
3HO3501 
3HO 3474 
3HO 3547 
3HO 3518 
3HO 3494 


3H33190 
3H13991 
3H13505 
3H13859 
3H137939 
3H13439 
3H13370 
3H13340 
3H13296 
3H13524 
3H13236 
3H13138 
3H13124 
3H32569 
3H13123 
SHI3Z13E 
3H13102 
3H13101 
3H12976 
3H13072 
3H13060 
3H12989 
3H12910 
3H12875 
3H12855 
SHS2Z57:8 
3H12706 
3H12723 
3H12729 
3H12655 
3H12674 
SHL2647? 
3H12622 
3H12620 
3H12608 
3H12607 
3H32675 
3H12581 
3H12587 
3H12571 
3H12526 
3H12553 
3H12546 
3H12480 


GEAR 


OAMAGE 


ANNA ANF AR PRANAB AHA AAA AAP ATI rrr ss TAANAASGe 


REGION 


NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNSE 


2815 TO 3020 N-LAT. 


LATITUDE 


2939 
2917 
2923 
2912 
2923 
2855 
295 
2915 
23941 
2938 
2912 
2913 
2925 
2325 
2901 
2912 
2910 
ZON2 
ZN 2 
2910 
2954 
2929 
2911 
3014 
3013 
23919 
2902 
2300 
2856 
3015 
2910 
2921 
2911 
2906 
3012 
2312 
2914 
2310 
2912 
2903 
2917 
2915 
2843 
2915 


NATTONAL MARINE FISHERIES SERVICE 
SEFC»PASCAGOULA LAB 


LONGITUDE 


8740 
8742 
8744 
8746 
8748 
8749 
8750 
8751 
8755 
8755 
8756 
8757 
8759 
8800 
880t 
8802 
8802 
8803 
8805 
8805 
8806 
8806 
8807 
8808 
8808 
8808 
8808 
8808 
8808 
8803 
8810 
8811 
8811 
8811 
3812 
8812 
8813 
8813 
8814 
8814 
8816 
8816 
88lTt 
8818 


HANG DATA 


GULF OF MEXICO 


DEPTH{ FMS) 


8100 TO 39730 W.LONG. 


LORAN A 


3HO 3556 
3HO 3482 
3HO 3503 
3HO 3462 
3HO 3502 
3HO 3393 
3HO 3472 
3HO 3471 
3HO 3554 
3HO 3546 
3HO 3459 
SHO 3461 
3HO 3503 
3HO 3496 
3HO 3455 
3HO 3453 
3HO 3451 
3HO 3456 
3H1 2202 
3H1 2204 
3HI2251 
3H12212 
3H12181 
3H12268 
3H1 2265 
3H121706 
3H1 2164 
3H1 2162 
3H1 2162 
3H12255 
3H12150 
3H12150 
3H12140 
3H12135 
3H1 2222 
3H12130 
3H1 2120 
3H12118 
3H1 2110 
3H12105 
3H12090 
3H1 2090 
3H1 2064 
3H12070 


3H12507 
SHI2Z45E 
SHIZ44H2 
3H12427 
3H12399 
3H12359 
3H12370 
3H12360 
3H12349 
SH1I2347 
3H12301 
3H12290 
3H12277 
3H12269 
3H122493 
3H12239 
3H12236 
3H12227 
SHO3S4S7 
3HO3449 
3H03581 
3H03513 
3HO3453 
3H03622 
3HO3620 
3HO3478 
3HO34 20 
3HO3412 
3HO3396 
3HO3621 
3HO3449 
3HO34 86 
SHO3452 
3HO3434 
3HO3615 
3HOS45S4 
3HO3461 
SHO3447 
3HO3455 
SHO3443 
SHO3467 
3HO3465 
3HO3348 
3HO3463 


GEAR 


DAMAGE 


APAATNPMAMNNAPADNNA RAP See aAaAr as AAs AAAI TASAATAe TST 


REGION 


NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNANNNNNNNAYNYNAYDY A 


NATIONAL MARINE FISHERIES SERVICE 
SEFCePASCAGOULA LAB 


HANG DATA 


GULF OF MEXICO 


2415 TO 3020 NeLAT. 


LATITUDE 


2912 
2909 
2907 
2906 
2954 
3009 
3007 
3014 
2957 
2918 
2905 
2900 
2905 
3015 
2947 
2943 
2850 
2305 
2859 
2917 
2305 
3013 
29393 
2957 
2926 
2957 
Zoo 
2309 
2932 
2319 
2903 
2912 
2901 
2913 
2901 
2930 
2924 
2208 
3017 
ZIT 
2857 
2911 
2851 
2919 


LONGITUDE 


8818 
8818 
8818 
8819 
8820 
8821 
8821 
8822 
8823 
8823 
8823 
8824 
8825 
8825 
8825 
8825 
8826 
8827 
8827 
3828 
3828 
8830 
8830 
8831 
8831 
8833 
8833 
8833 
8834 
8834 
8834 
8835 
8835 
8836 
8836 
8837 
8837 
8838 
8840 
8840 
8840 
8841 
8841 
8842 


DEPTH(FMS) 


100 
200 


8100 TO 9730 W-.LONG. 


LORAN A 


3H12065 
3SH1 2063 
3H1 2065 
3H1 2050 
3H12109 
3H12126 
3H12125 
3H12130 
3H1 2080 
3H1 2015 
3H1 2007 
3H11995 
3H11995 
3H1 2102 
3H1 2040 
3H1 2030 
3H11972 
3H11965 
3H11963 
3H11967 
3H11951 
3H1 2050 
3H11975 
3H11959 
3H11940 
3H11982 
3H11910 
3H11904 
3H11916 
3H11900 
3H11890 
3H11885 
3H11875 
3H11874 
3H11870 
3H11880 
3H11875 
3HO 21232 
3H11970 
3H11833 
3H11825 
3H11830 
3H11820 
3H11818 


3HO3454 
SHO3442 
3HO3436 
3HO3431 
3HO3573 
3HO3605 
3HO3601 
3HO3613 
3HO3578 
3HO3S472 
3HO3428 
3HO3411 
SHO3S461 
3HO3613 
3HO3553 
3HO3543 
SHO3375 
3HO3427 
3HO3406 
3HO3468 
3HO3428 
3HO360? 
3HO3530 
3HO3525 
3HO3494 
3HO3572 
3HO3472 
3HO3440 
3HO3509 
3HO3471 
3HO3418 
3HO3449 
3HO3411 
3HO3452 
3HO3412 
3HO3502 
3HO3486 
3H32327 
3HO3E093 
3HO3463 
3HO3398 
3HO3445 
3HO3378 
3HO3468 


GEAR 


DAMAGE 


os nen at Dn on ts i Pn Di DD DD I Re ed 


REGION 


NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN NNN NNN DE PO 


2415 TO 3020 NeLATe 


LATITUDE 


2906 
2229 
2922 
2926 
2912 
2853 
3004 
2854 
2232 
2328 
2916 
2910 
2914 
2910 
2915 
2902 
ZIS 
3002 
2921 
2852 
2850 
2835 
2858 
2843 
2849 
2846 
2859 
2327 
2841 
2300 
2851 
2843 
2844 
2849 
2856 
2227 
2829 
2832 
2819 
2834 
2827 
2222 
2821 
2814 


NATTONAL MARINE FISHERIES SERVICE 
SEFC»PASCAGOULA LAB 


LONGITUDE 


8843 
8843 
8844 
8845 
8845 
8845 
8846 
8846 
8847 
8848 
8848 
8849 
8850 
8850 
8851 
88S2 
8852 
8854 
8857 
8857 
8858 
8912 
8912 
8918 
8933 
8934 
8934 
8934 
8935 
8936 
8937 
8939 
8942 
8943 
8954 
8959 
9000 
9004 
9006 
9010 
39015 
9015 
9029 
9041 


HANG DATA 


GULF OF MEXICO 


DEPTHC(FMS) 


8100 TO 393730 W.LONG. 


LORAN A 


3H11798 
3HO 2178 
3H117939 
3HO 3488 
3H11778 
3H11775 
3HO 3581 
3HO 3389 
3HO2195 
3HO 3492 
3HO 3458 
3HO 3440 
3HO 3451 
3HO 3433 
3HO 3454 
3HOS414 
3HO 3448 
3HO 3572 
3HO 3471 
3HU 3381 
3HO 3375 
3HO 3337 
3HO 3400 
3HO 3354 
3H21067 
3H2 1082 
3H210 32 
3HO 2400 
3H211905 
3HO2348 
3H21068 
3H21106 
3H21114 
3H21091 
3H21098 
3HO 2330 
3H21270 
3H21277 
3H21348 
3H21304 
3H21370 
3H22127 
3H21498 
3H21619 


3HO3428 
3H32365 
3HO3477 
SH1I1787 
SHD3448 
3HD3386 
3H11873 
3H11766 
3H32369 
3H11765 
SH11747 
3H11730 
3H11725 
3H11724 
3H117193 
3H11700 
3H117062 
3H11790 
3H11660 
3H11653 
3H11645 
SHI1536 
3H11494 
SHIL4S6? 
3H33458 
3H33449 
3H33488 
3H32413 
3H33435 
3H32342 
3H33465 
SH33443 
3H33445 
3H33461 
3H33486 
3H32225 
3H33402 
3H33412 
3H33368 
3H33420 
3H33396 
3H32183 
3H33377 
3H33351 


GEAR 


DAMAGE 


AHARH AFA HAP HAH APMP AMAA PHP APP ANA A ATA PM ATA IPA TB TITNGA NIG 


NATIONAL MARINE FISHERIES SERVICE 


2415 TO 3020 N.LAT. 


SEFCePASCAGOULA 


HANG DATA 


GULF OF MEXICO 


REGION LATITUDE LONGITUDE OEPTHIFMS) 


NNNNNNNNNNNNNNNNNNNNNNNNNANNNNNNNNNANNNNNNNNN DN 


2811 
2815 
2834 
2753 
2806 
2815 
2810 
2213 
2806 
2217 
2833 
2815 
2822 
2832 
1948 
2739 
2818 
2736 
2825 
1951 
1956 
1942 
2812 
2002 
2005 
1945 
2001 
2003 
2003 
2023 
2818 
2002 
2300 
2003 
1949 
2002 
2811 
2004 
2003 
2837 
2810 
2742 
2811 
2811 


9051 
9055 
9059 
9105 
9106 
9111 
9113 
9114 
9119 
9129 
9131 
3135 
SESS 
9138 
9142 
9145 
9146 
9146 
9146 
3147 
9147 
9149 
SESE 
9151 
STSt 
9151 
9152 
grS2 
315s 
92:53 
9154 
9154 
SSS 
9155 
SESit 
SES 
9158 
9158 
3200 
9201 
32093 
S207 
3220 
S227 


14 


LAB 


8100 TO 93730 W-LONG. 


LORAN A 


3H21710 
3H21734 
3H21723 
3H21875 
3H21853 
3H21875 
3H21905 
3H22318 
3H21966 
3H22358 
3H22038 
3H22099 
3H22090 
3H22108 
3H22430 
3H2 2232 
3H22199 
3H22243 
3H22198 
3H22445 
3H2 2440 
3H22448 
3H22254 
3H22450 
3SH22447 
3H22455 
3H22452 
3H22452 
3H224655 
3H22452 
3H22280 
3H22457 
3H22273 
3H22459 
3H22470 
3H22463 
3H22323 
3H2 2473 
3H22475 
3H22336 
3H22431 
3H22504 
3H22534 
3H22595 


3H33340 
3H33356 
3H33433 
3H33261 
3H33318 
3H33355 
3H33335 
3H32029 
3H33317 
3H32007 
3H33437 
3H33356 
3H33387 
3H32435 
3H31756 
SH33177 
3H33372 
3H33161 
3H33404 
SH31747 
3H31752 
3H31732 
3H33341 
3H31 744 
3H31753 
3H31735 
3H31748 
3H31750 
3H31 748 
3H31770 
3H33372 
3H31745 
3H33562 
3H31744 
3H31725 
3H31739 
3H33336 
3H31 748 
3H31732 
3H33466 
3H33330 
3H33170 
3H33335 
3H33332 


GEAR 


DAMAGE 


PAA ATNPRP ANA RTH ATMA ABA HANNA ABA ANNA SI FIN AHH INP NP NF A AN 


REGION 


NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN AE 


2415 TO 3020 N-eLAT. 


LATITUDE 


1335 
2755 
2810 
2801 
2809 
2830 
2843 
2753 
PALES 
2925 
2735 
2737 
2805 
2825 
2729 
2806 
1842 
2734 
PAT {EES 
2738 
2738 
2758 
1932 
2820 
2820 
2803 
2810 
1856 
2803 
2808 
2809 
2800 
2757 
2748 
2745 
2745 
2828 
2804 
AZT SST 
2805 
1846 
2305 
2749 
2751 


NATIONAL MARINE FISHERTES SERVICE 
SEFC»PASCAGOULA LAB 


LONGITUDE 


9231 
9233 
9235 
9235 
9240 
9241 
9251 
3300 
9303 
3307 
I3UsS 
9314 
3315S 
D522 
9322 
9324 
3327 
9330 
3335 
39337 
9341 
9343 
9346 
9352 
3355. 
3409 
9417 
9426 
9433 
9435 
9436 
9438 
9438 
9445 
9448 
9448 
39450 
9451 
9454 
9505 
I51 
9518 
9521 
3530 


HANG DATA 


GULF OF MEXICO 


DEPTH(FMS) 


8100 TO 9730 W-LONG. 


LORAN A 


3H22552 
3H226506 
3H22677 
3H22670 
3H22725 
SH22745 
3H22861 
3H22890 
3H22892 
3H23050 
3H22970 
3H22985 
3H2 3040 
3H23146 
3H2 3030 
3H2 3124 
3H22678 
3H23101 
3H23138 
3H23165 
3H23195 
3H23263 
3H22734 
3H2 3404 
3H2 3432 
3H2 3480 
3H2 3562 
3H22814 
3H23639 
3H23670 
3H2 3681 
3H23653 
3H2 3643 
3H2 3643 
3H2 3664 
3H2 3664 
3H23844 
3H23736 
3H23720 
3H2 3803 
3H22909 
3H2 3849 
3H2 3796 
3H2 3831 


3H31641 
3H33235 
3H33326 
3H33270 
3H35316 
SH33441 
3H33519 
3H33200 
3H33087 
3H33736 
3H33056 
3H33068 
3H33270 
3H33411 
3H32995 
3H33271 
3H31498 
3H33015 
3H32995 
3H33031 
3H33024 
3H33182 
3H31492 
SHSS S510 
3H33352 
3H33172 
3H33221 
3H31400 
3H33102 
3H33150 
3H33151 
3H33055 
3H33022 
3H32906 
3H3286]1 
3H32861 
3H33300 
3H33040 
3H32955 
3H32983 
3H31323 
3H32912 
3H32730 
3H32730 


GEAR 


DAMAGE 


NTNAANAANNNNP AP NNANA AA AN AAA TAIN SA DAA ATA PA ANA CATE 


REGION 


NNNNNNNNNNNANNNNNNNNNNAND YY 


REGION 


WWWWWW WWW WWW WG 


2415 TO 3020 N-LAT. 


LATITUDE 


2742 
2804 
2744 
2720 
2745 
2738 
2710 
2720 
2732 
2610 
2632 
2627 
20630 
2750 
2649 
2628 
2730 
213! 
2133 
2621 
2602 
2315 
2410 
2255 


APPROX.1NO0 TO 2400 N.LAT. 


LATITUDE 


1302 
1304 
1305 
1028 
1103 
LSSS 
1111 
1112 
1109 
339 
2002 
2000 
2015 


NATTONAL MARINE FISHERIES SERVICE 
SEFC»ePASCAGOULA LAB 


LONGITUDE 


9543 
3552 
9610 
9612 
9613 
9613 
9617 
9620 
9621 
9622 
3628 
9630 
9630 
9633 
9638 
9642 
9645 
9646 
93648 
9658 
9706 
9716 
DI2T 
3736 


LONGITUDE 


595.4 
5941 
5943 
6004 
6050 
6050 
6054 
6054 
6054 
6055 
6854 
6856 
6943 


HANG DATA 


GULF OF MEXICO 


DEPTH(FMS) 


WEST INDIES 


DEPTH(FMS ) 


8100 TO 9730 W.LONG. 


LORAN A 


3H23836 
3H2 3932 
3H2 3962 
3H2 3834 
3H2 3911 
3H23891 
3H23816 
3H23851 
3H23887 
3H2 3663 
3H23726 
3H23725 
3H2 3150 
3H2 3956 
3H238C1 
3H23755 
3H23921 
3H2 3246 
3H2 3249 
3H23770 
3H23741 
3H2 3446 
3H23557 
3H2 3458 


3H32536 
3H32705 
3H32389 
3H32133 
3H32380 
3H32311 
3H32002 
3H32080 
3H32200 
3H31428 
3H31560 
3H31495 
3H31139 
3H32318 
3H31655 
3H31414 
3H32048 
3H31169 
3H31167 
3H31243 
3HO3149 
3H31090 
3H31047 
3H31068 


5930 TO 8100 W.LONG. 


LORAN A 


GEAR 


GEAR 


DAMAGE 


ANNAANNTA SARA AAP KP AP RP ANAAr SA 


DAMAGE 


NNANNANN FI TAN AG 


NATIONAL MARINE FISHERIES SERVICE 
SEFC»e PASCAGOULA LAB 


HANG DATA 


WEST INDIES 
APPROX.1000 TO 2400 N.LAT. 5930 TO 8100 W.LONG. 


REGION LATITUDE LONGITUDE DEPTH(FMS) LORAN A GEAR DAMAGE 
3 2088 7131 355 ST L 
3 2052 7320 180 ST T 
3 2057 T7341 17 ST L 
3 2044 7343 500 ST FE 
3 2336 T525 3L33543 3154820 
3 2351 7659 750 TD F 
3 2411 7713 150 TO Z 
3 2330 73933 5 ST T 
3 2325 7940 250 ST L 
3 2400 8027 12 ST T 


CARIBBEAN SEA 
APPROX 1000 TO 2200 NeLATe- 6100 TO 8900 W.LONG 


REGION LATITUDE LONGITUDE DEPTH(FMS) LORAN A GEAR DAMAGE 
5 1404 6102 36 TD Z 
4 1536 6109 364 ST Zz 
q 1536 6113 332 ST Z 
a 1522 6126 110 TD Zz 
4 1534 6129 48 TD Z 
g 1535 6130 160 TO Z 
4 1210 6144 98 TD Z 
§ 1212 6145 100 TO L 
4 1206 6145 12 TO Zz 
4 1207 6145 40 TD z 
4 1201 6154 230 ST Z 
4 1104 6205 59 TD Zz 
§ 1127 6217 68 ST T 
4 1133 6230 200 ST T 
4 1708 6238 18 ST T 
4 1704 6239 143 ST Z 
4 1707 6239 55 TO z 
q 1716 6244 40 TO Z 
4 1733 6246 365 ST L 
4 1144 6247 330 ST L 
§ 1104 6248 25 ST T 
a 41720 6252 305 ST T 
4 1737 6300 360 ST L 
4 1338 6301 392 ST F 
4 1134 6302 175 ST L 
a 1140 6305 245 ST T 
4 1810 6313 31 TO Z 


17 


NATIONAL MARINE FISHERTES SERVICE 
SEFCsPASCAGOULA LAB 


HANG DATA 


CARIBBEAN SEA 
APPROX 1000 TO 2200 N-LAT.- 6100 TO 8900 W.LONG 


REGION LATITUDE LONGITUDE OEPTH(FMS) LORAN A GEAR DAMAGE 


4 1807 6320 360 ST L 
4 1828 6322 363 ST t 
4 1737 6328 228 ST T 
q 1529 6337 6 TO Z 
4 1530 6338 200 ST U 
4 1807 6338 360 ST L 
4 1740 6346 405 ST T 
4 1114 6413 30 ST (é 
4 1846 6441 26 ST T 
4 13836 6446 28 ST T 
4 1836 6447 25 ST T 
4 1836 6448 28 ST T 
4 1838 6457 220 ST T 
q 1815 6458 23 ST T 
4 1807 6519 205 ST T 
4 1039 6520 700 ST F 
q 1044 6527 700 ST F 
4 1827 6535 40 ST T 
4 1026 6543 5G ST T 
4 1330 6555 150 ST T 
4 1751 6609 20 ST T 
4 1832 6647 200 ST T 
4 1051 6658 53 TD Z 
4 1054 6700 175 ST Z 
4 1056 6702 230 ST Zz 
4 1826 6714 250 ST T 
4 1817 6717 250 ST T 
4 1806 6724 13 ST t 
4 1046 6803 40 TO z 
4 1120 6816 240 ST T 
4 1358 6854 12 SLE231055 SESLOLS TD Z 
4 1153 6928 190 ST T 
4 L235 6956 280 ST T 
4 22:9 7004 108 LAS Z 
4 1227 7006 40 FT Zz 
4 1150 7040 32 Silj T 
4 1139 7124 15 ST L 
4 1231 7158 205 ST Z 
4 1202 7228 33 ST T 
4 1200 7230 20 FT T 
4 1221 7231 210 ST t 
4 12193 7234 195 FT T 
4 1124 7332 35 ST z 
4 1104 T423 10 SU T 


mig 
lo 9) 


NATIONAL MARINE FISHERIES SERVICE 
SEFC*sPASCAGOULA LAB 


HANG DATA 


CARIBBEAN SEA 
APPROX 1000 TO 2200 N.LATe. 6100 TO 8900 #¥.LONG 


REGION LATITUDE LONGITUDE DEPTH(FMS) LORAN A GEAR DAMAGE 
q 1105 7428 13 Siki T 
4 1109 7428 200 ST F 
g 1119 7453 580 ST T 
4 1112 7456 235 Sil L 
4 1114 7521 720 ST; T 
g 1107 7530 600 ST T 
4 1005 7553 50 TD Z 
4 0359 7553 60 ST T 
4 o95! 7557 45 ST F 
4 1004 7606 110 TD Z 
4 0312 7621 24 ST T 
4 0936 7622 280 ST T 
4 0958 7629 695 ST Z 
4 0932 7638 800 Sit Zz 
4 0855 7656 360 FT T 
4 1736 7705 16 ST T 
4 1826 7706 200 TD Zz 
4 03938 7857 65 TD Zz 
4 0819 7948 20 ST Tt 
4 0825 7956 5 ST T 
4 0826 7956 8 ST T 
4 0827 7356 8 ST T 
4 1416 8026 50 TO Zz 
4 14914 8029 195 TD Z 
4 1530 8104 16 ST T 
4 1454 8110 280 SD Z 
4 LSisS 8115 110 ST T 
a 1434 8131 240 FT T 
q 1650 8133 170 ST L 
4 1707 8138 400 ST L 
4 1412 8142 408 ST F 
a 1643 8153 140 FT F 
§ U32:2 8204 300 ST Zz 
4 1241 8219 74 FT Z 
4 1302 8220 80 FT L 
4 1236 8221 76 ST Z 
4 1250 8222 66 ST T 
4 12193 8222 320 ST U 
4 1246 8223 70 FT Z 
4 1233 8228 85 FT U 
4 1217 8249 20 ST T 
4 1134 8307 125 ST T 
4 1623 8320 55 ST T 
4 1622 8331 167 ST L 


19 


APPROX 1000 TO 2200 N-LAT. 


NATIONAL MARINE FISHERIES SERVICE 


SEFC»PASCAGOULA LAS 
HANG DATA 


CARIBBEAN SEA 


REGION CATITUDE LONGITUDE DEPTH{FMS) 


f&erPe 


1626 
1616 
1612 
1612 


8331 
8359 
8414 
8424 


510 
350 
350 
325 


6100 TO 8300 W.LONG 


LORAN A 


NE COAST OF SOUTH AMERICA 


0015 TO 1000 N-eLAT. 


REGION LATITUDE LONGITUDE DEPTH(FMS) 


AMKAMAAMAMAAMMAMAMWAnManAnnnnnannnninnnnnwnwTw wi 


0945 
03942 
0940 
0928 
0924 
0917 
03916 
0903 
o8so6 
o751 
0748 
0744 
O741 
0738 
0732 
0728 
0728 
0728 
0727 
0725 
0718 
o74a2 
0709 
0702 
0655 
o65s1 
0650 
0648 
0637 
0637 
0631 
0624 
0624 


6047 
$353 
5940 
6004 
5941 
5919 
5915 
5300 
5741 
5442 
5328 
5652 
S348 
5411 
54912 
5435 
5443 
5511 
S347 
5435 
5707 
5647 
5247 
5623 
5401 
5341 
5534 
5512 
5503 
5558 
5347 
5445 
5500 


3500 TO 6100 W.LONG. 


LORAN A 


GEAR 


ST 


GEAR 


DAMAGE 


~anaAT 


DAMAGE 


AAP PUNTA AFP ANA RAHA aH AAP TA IAS 


NATIONAL MARINE FISHERIES SERVICE 
SEFCePASCAGOULA LAB 


HANG DATA 


NE COAST OF SOUTH AMERICA 
0015 TO 1000 NeLAT. 3500 TO 6100 W.LONG. 


REGION LATITUDE LONGITUDE DEPTH(FMS) LGRAN A GEAR DAMAGE 
5 C623 5605 17 FT T 
5 0614 5231 38 ST F 
5 0610 5238 55 Si F 
S 0608 5237 30 ST Z 
5 0556 5203 39 Si T 
5 0556 5220 31 ST Vi 
5 0546 5202 38 ST it 
5 0543 5115 100 Si F 
5 o541 5206 35 Si T 
5 0538 5252 Ze. ST T 
5 0420 5037 38 ST u 
5 0311 3840 25 ST T 
5 0307 3841 14G TD u 
5 a304 3858 3C ST T 
5 o241 4748 180 ST T 
5 0239 3908 60 SU L 
5 232 4917 11 ST iP 
5 0231 4051 15 ST U 
5 0230 4750 65 ST T 
5 0228 3928 24 Sil T 
5 0217 3937 30 ST T 
5 0150 4731 45 ST T 
5 0145 4646 275 ST T 
5 0137 4645 64 Sj it 
5 0023 47G5 21 ST U 
5 Oo17 4427 60 ST T 


672. Seasonal occurrence of young Guld menhaden and other fishes in a 
northwestern Florida estuary. By Marlin E. Tagatz and E. Peter H. 
Wilkins. August 1973, iii + 14 p., 1 fig., 4 tables. For sale by the 
Superintendent of Documents, U.S. Government Printing Office, 
Washington, D.C. 20402. 


673. Abundance and distribution of inshore benthic fauna off 
southwestern Long Island, N.Y. By Frank W. Steimle, Jr. and Richard B. 
Stone. December 1973, iii + 50 p., 2 figs., 5 app. tables. 


674. Lake Erie bottom trawl explorations, 1962-66. By Edgar W. Bow- 
man. January 1974, iv + 21 p., 9 figs., 1 table, 7 app. tables. 


675. Proceedings of the International Billfish Symposium, Kailua- 
Kona, Hawaii, 9-12 August 1972. Part 1. Report of the Symposium. 
March 1975, iii + 33 p.; Part 2. Review and contributed papers. July 
1974, iv + 355 p. (38 papers); Part 3. Species synopses. June 1975, iii + 
159 p. (8 papers). Richard S. Shomura and Francis Williams (editors). 
For sale by the Superintendent of Documents, U.S. Government Printing 
Office, Washington, D.C. 20402. 


676. Price spreads and cost analyses for finfish and shellfish products at 
different marketing levels. By Erwin S. Penn. March 1974, vi + 74 p., 15 
figs., 12 tables, 12 app. figs., 14 app. tables. For sale by the Superinten- 
dent of Documents, U.S. Government Printing Office, Washington, D.C. 
20402. 


677. Abundance of benthic macroinvertebrates in natural and altered 
estuarine areas. By Gill Gilmore and Lee Trent. April 1974, iii + 13 p., 
11 figs., 3 tables, 2 app. tables. For sale by the Superintendent 
of Documents, U.S. Government Printing Office, Washington, D.C. 
20402. 


678. Distribution, abundance, and growth of juvenile sockeye salmon, 
Oncorhynchus nerka, and associated species in the Naknek River system, 
1961-64. By Robert J. Ellis. September 1974, v + 53 p., 27 figs., 26 tables. 
For sale by the Superintendent of Documents, U.S. Government Printing 
Office, Washington, D.C. 20402. 


679. Kinds and abundance of zooplankton collected by the USCG 
icebreaker Glacier in the eastern Chukchi Sea, September-October 1970. 
By Bruce L. Wing. August 1974, iv + 18 p., 14 figs., 6 tables. For sale by 
the Superintendent of Documents, U.S. Government Printing Office, 
Washington, D.C. 20402. 


680. Pelagic amphipod crustaceans from the southeastern Bering Sea, 
June 1971. By Gerald A. Sanger. July 1974, iii + 8 p., 3 figs., 3 tables. For 
sale by the Superintendent of Documents, U.S. Government Printing Of- 
fice, Washington, D.C. 20402. 


681. Physiological response of the cunner, Tautogolabrus adspersus, to 
cadmium. October 1974, iv + 33 p., 6 papers, various authors. For sale by 
the Superintendent of Documents, U.S. Government Printing Office, 
Washington, D.C. 20402. 


682. Heat exchange between ocean and atmosphere in the eastern 
North Pacific for 1961-71. By N. E. Clark, L. Eber, R. M. Laurs, J. A. 
Renner, and J. F. T. Saur. December 1974, iii + 108 p., 2 figs., 1 table, 5 
plates. 


683. Bioeconomic relationships for the Maine lobster fishery with con- 
sideration of alternative management schemes. By Robert L. Dow, 
Frederick W. Bell, and Donald M. Harriman. March 1975, v + 44 p., 20 
figs., 25 tables. For sale by the Superintendent of Documents, U.S. 
Government Printing Office, Washington, D.C. 20402. 


684. Age and size composition of the Atlantic menhaden, Brevoortia 
tyrannus, purse seine catch, 1963-71, with a brief discussion of the 
fishery. By William R. Nicholson. June 1975, iv + 28 p., 1 fig., 12 
tables, 18 app. tables. For sale by the Superintendent of Documents, U.S. 
Government Printing Office, Washington, D.C. 20402. 


685. An annotated list of larval and juvenile fishes captured with sur- 
face-towed meter net in the South Atlantic Bight during four RV Dolphin 
cruises between May 1967 and February 1968. By Michael P. 
Fahay. March 1975, iv + 39 p., 19 figs., 9 tables, 1 app. table. For sale 


by the Superintendent of Documents, U.S. Government Printing Office, 
Washington, D.C. 20402. 


686. Pink salmon, Oncorhunchus gorbuscha, tagging experiments in 
southeastern Alaska, 1938-42 and 1945. By Roy E. Nakatani, Gerald J. 
Paulik, and Richard Van Cleve. April 1975, iv + 39 p., 24 figs., 16 
tables. For sale by the Superintendent of Documents, U.S. Government 
Printing Office, Washington, D.C. 20402. 


687. Annotated bibliography on the biology of the menhadens, Genus 
Brevoortia, 1963-1973. By John W. Reintjes and Peggy M. 
Keney. April 1975, 92 p. For sale by the Superintendent of 
Documents, U.S. Government Printing Office, Washington, D.C. 20402. 


688. Effect of gas supersaturated Columbia River water on the survival 
of juvenile chinook and coho salmon. By Theodore H. Blahm, Robert J. 
McConnell, and George R. Snyder. April 1975, iii + 22 p., 8 figs., 5 
tables, 4 app. tables. For sale by the Superintendent of Documents, U.S. 
Government Printing Office, Washington, D.C. 20402. 


689. Ocean distribution of stocks of Pacific salmon, Oncorhynchus spp., 
and steelhead trout, Salmo gairdnerii, as shown by tagging experiments. 
Charts of tag recoveries by Canada, Japan, and the United States, 1956- 
69. By Robert R. French, Richard G. Bakkala, and Doyle F. Suther- 
land. June 1975, viii + 89 p., 117 figs., 2 tables. For sale by the 
Superintendent of Documents, U.S. Government Printing Office, 
Washington, D.C. 20402. 


690. Migratory routes of adult sockeye salmon, Oncorhynchus nerka, in 
the eastern Bering Sea and Bristol Bay. By Richard R. Straty. April 
1975, iv + 32 p., 22 figs., 3 tables, 3 app. tables. For sale by the 
Superintendent of Documents, U.S. Government Printing Office, 
Washington, D.C. 20402. 


691. Seasonal distributions of larval flatfishes (Pleuronectiformes) on 
the continental shelf between Cape Cod, Massachusetts, and Cape 
Lookout, North Carolina, 1965-66. By W.G. Smith, J. D. Sibunka, and 
A. Wells. June 1975, iv + 68 p., 72 figs., 16 tables. 


692. Expendable bathythermograph observations from the 
NMFS/MARAD Ship of Opportunity Program for 1972. By Steven K. 
Cook. June 1975, iv + 81 p., 81 figs. For sale by the Superintendent of 
Documents, U.S. Government Printing Office, Washington, D.C. 20402. 


693. Daily and weekly upwelling indices, west coast of North America, 
1967-73. By Andrew Bakun. August 1975, iii + 114 p., 3 figs., 6 tables. 


694. Semiclosed seawater system with automatic salinity, temperature 
and turbidity control. By Sid Korn. September 1975, iii + 5 p., 7 figs., 
1 table. 


695. Distribution, relative abundance, and movement of skipjack tuna, 
Katsuwonus pelamis, in the Pacific Ocean based on Japanese tuna long- 
line catches, 1964-67. By Walter M. Matsumoto. October 1975, iii + 
30 p., 15 figs., 4 tables. 


696. Large-scale air-sea interactions at ocean weather station V, 1951- 
71. By David M. Husby and Gunter R. Seckel. November 1975, iv + 
44 p., 11 figs., 4 tables. For sale by the Superintendent of Documents, 
U.S. Government Printing Office, Washington, D.C. 20402. 


697. Fish and hydrographic collections made by the research vessels 
Dolphin and Delaware IT during 1968-72 from New York to Florida. By 
S. J. Wilk and M. J. Silverman. January 1976, iii + 159 p., 1 table, 2 
app. tables. For sale by the Superintendent of Documents, U.S. 
Government Printing Office, Washington, D.C. 20402. 


698. Summer benthic fish fauna of Sandy Hook Bay, New Jersey. By 
Stuart J. Wilk and Myron J. Silverman. January 1976, iv + 16 p., 21 
figs., 1 table, 2 app. tables. For sale by the Superintendent of 
Documents, U.S. Government Printing Office, Washington, D.C. 20402. 


699. Seasonal surface currents off the coasts of Vancouver Island and 
Washington as shown by drift bottle experiments, 1964-65. By W. 
James Ingraham, Jr. and James R. Hastings. May 1976, iii + 9 p., 4 
figs., 4 tables. 
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are: 


649. Distribution of forage of skipjack tuna (Euthynnus pelamis) in the 
eastern tropical Pacific. By Maurice Blackburn and Michael Laurs. 
January 1972, iii + 16 p., 7 figs., 3 tables. For sale by the Superintendent 
of Documents, U.S. Government Printing Office, Washington, D.C. 
20402. 


650. Effects of some antioxidants and EDTA on the development of ran- 
cidity in Spanish mackerel (Scomberomorus maculatus) during frozen 
storage. By Robert N. Farragut. February 1972, iv + 12 p., 6 figs., 12 
tables. For sale by the Superintendent of Documents, U.S. Government 
Printing Office, Washington, D.C. 20402. 


651. The effect of premortem stress, holding temperatures, and freezing 
on the biochemistry and quality of skipjack tuna. By Ladell Crawford. 
April 1972, iii + 23 p., 3 figs., 4 tables. For sale by the Superintendent 
of Documents, U.S. Government Printing Office, Washington, D.C. 
20402. 


653. The use of electricity in conjunction with a 12.5-meter (Headrope) 
Gulf-of-Mexico shrimp trawl in Lake Michigan. By James E. Ellis. 
March 1972, iv + 10 p., 11 figs., 4 tables. For sale by the Superintendent 
of Documents, U.S. Government Printing Office, Washington, D.C. 
20402. 


654. An electric detector system for recovering internally tagged 
menhaden, genus Brevoortia. By R. O. Parker, Jr. February 1972, iii + 7 
p., 3 figs., 1 app. table. For sale by the Superintendent of Documents, 
U.S. Government Printing Office, Washington, D.C. 20402. 


655. Immobilization of fingerling salmon and trout by decompression. 
By Doyle F. Sutherland. March 1972, iii + 7 p., 3 figs., 2 tables. For sale 
by the Superintendent of Documents, U.S. Government Printing Office, 
Washington, D.C. 20402. 


656. The calico scallop, Argopecten gibbus. By Donald M. Allen and T. 
J. Costello. May 1972, iii + 19 p., 9 figs., 1 table. For sale by the 
Superintendent of Documents, U.S. Government Printing Office, 
Washington, D.C. 20402. 


657. Making fish protein concentrates by enzymatic hydrolysis. A 
status report on research and some processes and products studied by 
NMFS. By Malcolm B. Hale. November 1972, v + 32 p., 15 figs., 17 
tables, 1 app. table. For sale by the Superintendent of Documents, U.S. 
Government Printing Office, Washington, D.C. 20402. 


658. List of fishes of Alaska and adjacent waters with a guide to some 4 
their literature. By Jay C. Quast and Elizabeth L. Hall. July 1972, iv 
47 p. For sale by the Superintendent of Documents, U.S. ae 
Printing Office, Washington, D.C. 20402. 


659. The Southeast Fisheries Center bionumeric code. Part I: Fishes. 
By Harvey R. Bullis, Jr., Richard B. Roe, and Judith C. Gatlin. July 
1972, xl + 95 p., 2 figs. For sale by the Superintendent of Documents, 
U.S. Government Printing Office, Washington, D.C. 20402. 


660. A freshwater fish electro-motivator (FFEM)-its characteristics and 
operation. By James E. Ellis and Charles C. Hoopes. November 1972, iii 
+ 11 p., 2 figs. 


Continued on inside back cover 


661. A review of the literature on the development of skipjack tuna 
fisheries in the central and western Pacific Ocean. By Frank J. Hester 
and Tamio Otsu. January 1973, iii + 13 p., 1 fig. For sale by the 
Superintendent of Documents, U.S. Government Printing Office, 
Washington, D.C. 20402. 3 


662. Seasonal distribution of tunas and billfishes in the Atlantic. By 
John P. Wise and Charles W. Davis. January 1973, iv + 24 p., 18 figs., 4 
tables. For sale by the Superintendent of Documents, U.S. Government 
Printing Office, Washington, D.C. 20402. 


663. Fish larvae collected from the northeastern Pacific Ocean and 
Puget Sound during April and May 1967. By Kenneth D. Waldron. 
December 1972, iii + 16 p., 2 figs., 1 table, 4 app. tables. For sale by the 
Superintendent of Documents, U.S. Government Printing Office, 
Washington, D.C. 20402. 


664. Tagging and tag-recovery experiments with Atlantic menhaden, 
Brevoortia tyrannus. By Richard L. Kroger and Robert L. Dryfoos. 
December 1972, iv + 11 p., 4 figs., 12 tables. For sale by the Superinten- 
dent of Documents, U.S. Government Printing Office, Washington, D.C. 
20402. 


665. Larval fish survey of Humbolt Bay, California. By Maxwell B. 
Eldrige and Charles F. Bryan. December 1972, iii + 8 p., 8 figs., 1 table. 
For sale by the Superintendent of Documents, U.S. Government Printing 
Office, Washington, D.C. 20402. 


666. Distribution and relative abundance of fishes in Newport River, 
North Carolina. By William R. Turner and George N. Johnson. 
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Fishes and Associated Environmental Data Collected 
in New York Bight, June 1974-June 1975 


STUART J. WILK, WALLACE W. MORSE, DANIEL E. RALPH, and THOMAS R. AZAROVITZ? 


ABSTRACT 


Tabulations of fishes and associated environmental observations are given for 700 trawl stations 
made during 30 collecting intervals in the New York Bight from June 1974 to June 1975. Summary 
tables included give the following information: collecting interval data (vessel, dates, stations sam- 
pled, gear, and area); station data (date, location, time of day, total catch, and environmental obser- 
vations); and catch data for 127 species, representing 67 families (location, number, and weight). 

The 10 most frequently collected species were: Merluccius bilinearis (456 stations), Scophthal- 
mus aquosus (419), Raja erinacea (411), Urophycis chuss (409), Pseudopleuronectes americanus (363), 
Hippoglossina oblonga (325), Lophius americanus (305), Peprilus triacanthus (284), Paralichthys den- 


tatus (272), and Squalus acanthias (224). 
INTRODUCTION 


The Sandy Hook Laboratory of the National Marine 
Fisheries Service began a systematic survey during June 
1974 of benthic fishes occurring in the New York Bight 
and Sandy Hook, Lower, and Raritan Bays. This study 
was designed to provide a comprehensive data base for 
current and anticipated research needs. This paper con- 
tains tabulations of stations, catches, and environmen- 
tal data collected during this 13-mo study. 

These data, when compared with similar time series, 
will ultimately contribute a significant portion of the 
material needed to detect and understand natural and 
man-induced changes in relative abundance, dis- 
tribution, movements, conditions, and reproductive 
cycles of fishes occurring in the New York Bight. 


STUDY AREAS 


The New York Bight is that portion of the Atlantic 
continental shelf between eastern Long Island, N.Y., and 
Cape May, N.J. (Fig. 1). This study was conducted in 
the northern section of the New York Bight where the 
Long Island and New Jersey coastlines are nearly per- 
pendicular. 

Two study areas, ocean and bay, were designated to 
facilitate sampling and data handling. The ocean study 
area was delineated by two sets of imaginary lines and 
the 28- and 366-m isobaths (Fig. 2). The first set of lines 
extends seaward from points on Long Island and New 
Jersey to the 28-m isobath; the second set from the 28-m 
isobath to the edge of the continental shelf (366 m). The 
bay study area included Sandy Hook, Lower, and 
Raritan Bays (Fig. 3). 


Northeast Fisheries Center Sandy Hook Laboratory, National Marine 
Fisheries Service, NOAA, Highlands, NJ 07732. 


STATION SELECTION 


Station locations in the ocean survey area were 
selected by a stratified random sampling design (Steel 
and Torrie 1960). Strata boundaries were determined by 
depth, i.e., 0-10, 11-19, 20-28, 29-55, 56-110, 111-183, and 
184-366 m (Fig. 2). A minimum of two stations per 
stratum were randomly selected to be sampled during 
each cruise. Inshore strata (0-28 m) were sampled at a 
rate of approximately one station per 515 km? and off- 
shore strata (29-366 m) at a rate of approximately one 
station per 1,030 km’. Grosslein (1969) described ad- 
ditional details pertaining to this sampling method and 
design. 

The bay survey area was divided into 103 sampling 
blocks. Except where interrupted by land, each block 
measured 1’ of latitude by 1’ of longitude, i.e., 1.8 km X 
1.4 km (2.5 km’). Trawl stations for all bay cruises were 
selected randomly from these blocks at the beginning of 
the study and were retained as permanent stations 
throughout the study. 


MATERIALS AND METHODS 


Research vessels used during this study were the 10.4- 
m Xiphias and 19.8-m Rorqual from the Northeast 
Fisheries Center, the 47.2-m Delaware II and 57.0-m Al- 
batross IV from the National Ocean Survey, and the 
chartered 27.4-m Atlantic Twin. Xiphias and Rorqual 
were used exclusively in the bay areas, Delaware II was 
used in both the ocean and the bay, and Albatross IV and 
Atlantic Twin were used only in the ocean. 

Loran A navigation was the principal method used for 
positioning on ocean stations. Radar, land ranges, and 
visual sightings of buoys were used to position vessels on 
bay stations and some of the inshore ocean stations. 

Temperature, salinity, and depth observations were 
made at each station. Vertical temperature profiles were 


50 100 


kilometers 


Figure 1.—Middle Atlantic continental shelf with outlines 
of the New York Bight (solid lines) and the survey areas 
(dashed lines) within the Bight. 


Figure 2.—Ocean study area 
divided into depth strata where 
finfishes were sampled during 
an otter trawl survey, June 1974 
to June 1975. 


kilometers 


Staten Island 


NEW JERSEY 


7410 


74°00 


long Island 


kilometers 


40°25 


73.55) 


Figure 3.—Bay study area where finfishes were sampled during an otter trawl survey, June 1974 to June 1975. 


obtained with expendable bathythermographs during 
ocean cruises and with a portable temperature probe 
during bay cruises. Surface water temperature was 
measured at each station with a stem thermometer ac- 
curate to +0.1°C for calibration of the expendable bathy- 
thermograph and the probe. Surface and bottom water 
samples were taken at almost all stations for salinity 
determination by induction salinometer. Fathometers 
recorded depth during each trawl tow. 

Fish collections were made with otter trawls towed at 
approximately 6.5 km/h for 15 min at bay stations and 30 
min at ocean stations. The trawl used aboard Xiphias 
and Rorqual had a 9.1-m footrope, a 7.6-m headrope, and 
7.6-m legs. a Yankee #36 trawl with a 24.4-m footrope, an 
18.3-m headrope, and 9.1-m legs was used on Delaware 
IT. The Albatross IV also used the #36 Yankee trawl as 
well as a #41 trawl with a 30.5-m footrope, a 24.4-m head- 
rope, and 19.8-m top and 18.3-m bottom legs. The At- 
lantic Twin used a *%4 Yankee trawl with a 16.5-m foot- 
rope, an 11.9-m headrope, 11.6-m legs, and 16.5-m 
ground cables. All trawls were fitted with 12.7-mm 
stretch mesh cod end liners. 

At the conclusion of each tow, the trawl was retrieved 
and emptied onto a sorting table where all fish species 
were separated and identified. All specimens of each 
species were weighed to the nearest whole pound and 
measured from the snout to the middle caudal ray in cen- 
timeters. All specimens of each species were usually 
measured except when subsamples of very large catches 
were measured. In such cases, an expansion factor 


(weight of total catch/weight of subsample) was applied 
to the number and length frequency of the subsample to 
estimate the number and length frequency of the total 
catch. 

Samples of each bony fish species, up to 35 specimens, 
were frozen from each trawl station for subsequent 
laboratory study. If the total catch of a species exceeded 
35 specimens, a size-stratified sample of 25 to 35 
specimens was frozen. 

Sources of identification and nomenclature used were: 
Jordan and Evermann (1896-1900), Hildebrand and 
Schroeder (1928), Ginsburg (1937, 1950, 1951, 1952, 1953, 
1954), Hildebrand (1943), Breder (1948), Bigelow and 
Schroeder (1953), Berry and Anderson (1961), Casey 
(1964), Eschmeyer (1965), Anderson et al. (1966), Green- 
wood et al. (1966), Leim and Scott (1966), Gutherz 
(1967), Bohlke and Chaplin (1968), Randall (1968), 
Bailey et al. (1970), Rosenblatt and McCosker (1970), 
and Marshall and Iwamoto (1973). 


DATA TABULATIONS 


During this study, 700 trawl stations were occupied in 
13 mo. Stations were consecutively numbered to aid in 
cross-referencing location, catch, and associated en- 
vironmental data. Table 1 lists station numbers, vessel, 
dates, number of stations, gear type, and study area for 
each collecting interval. Table 2 provides station infor- 
mation including date, coordinates to the nearest 0.2 km, 


time of day (EST), trawling duration, number of species 
and individuals caught, total weight, depth, and surface 
and bottom temperature and salinity. Table 3 is a phy- 
logenetic list of the 127 species and 67 families of fishes 
collected during this study including number and weight 
(kilograms) by station of occurrence. Unless indicated in 
Table 3, scientific and common names and _ar- 
rangements are according to Bailey et al. (1970). 
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Table 1.--Summary of collecting intervals sampled during trawl survey 


of New York Bight, June 1974 to June 1975,, 


Consecutive 
Sta. No. 
ee eS 
IWS Sy as} 
ILC) > Gul 
62 - 76 
Wie SQ) 
80 - 120 
23 6 
iss = akeye 
182 - 193 
194 - 196 
197 - 236 
PS i—e2 55 
2565-258 
2595— 298 
299 — 317 
318 = 320 
S25 —) 3577 
358 - 371 
372° — 385 
386 - 388 
389 - 439 
440 - 458 
459 - 485 
486 - 500 
501 - 548 
549 - 564 
565>— 567 
5OSe—mO2i/ 
628 - 636 
637 - 700 
TOTAL 


Vessel 


Xtphtas 
Delaware IT 
Delaware IT 
Xtphtas 
Delaware IT 
Delaware IT 
Rorqual 
Delaware IT 
Xtphtas 
Detaware IT 
Delaware IT 
Xtphtas 
Delaware ITI 
Delaware ITI 
Xtphtas 
Delaware IT 
Delaware II 


Rorqual 
Rorqual 
Delaware ITI 
Delaware II 
Albatross IV 
Atlantie Twin 
Rorqual 
Albatross IV 
Xtphtas 
Delaware IT 
Delaware II 
Xtphtas 
Delaware IT 


3-17 
23-25 
July 24 
24-29 
14,15,21-23 
H6—2il 
23-25 
Sept. 23 
23-28 
22-24 
OcGEs 22 
22-28 
18-20 
Nov. 18 
18-25 


1975 
3,6,9 
31; Feb. 
Jan. 31 
31; Feb. 
6-8,10 
20-24 
MPO 
1-3 ,5-10 
5-6,8 
May 5 
May 5-12 
June 3,9 
June 2-9 


3,4 


1-6 


No. 


of 


Sta. 


Gear Type 


9.1-m trawl 
# 36 trawl 
# 36 trawl 
9.1-m trawl 
# 36 trawl 
# 36 trawl 
9.1-m trawl 
# 36 trawl 
9.1-m trawl 
# 36 trawl 
# 36 trawl 
9.1-m trawl 
# 36 trawl 
# 36 trawl 
9.1-m trawl 
# 36 trawl 
# 36 trawl 


9.1-m trawl 
9.1-m trawl 
# 36 trawl 
# 36 trawl 
# 41 trawl 
3/4 Yankee trawl 
9.1-m trawl 
# 36 trawl 
9.1-m trawl 
# 36 trawl 
# 36 trawl 
9.1l-m trawl 
# 36 trawl 


Study 
Area 


bay 
bay 
ocean 
bay 
bay 
ocean 
bay 
ocean 
bay 
bay 
ocean 
bay 
bay 
ocean 
bay 
bay 
ocean 


bay 
bay 
bay 
ocean 
ocean 
ocean 
bay 
ocean 
bay 
bay 
ocean 
bay 
ocean 


Table 2.--Summary of trawl stations made in New York Bight, June 1974 to June 1975. An asterisk (*) indicates a 
weight less than 0.5 kg and two asterisks (**) indicates data not taken. 


Sta. Location Start Duration Total Catch No. spp. Depth Temp. (°C) Salinity (0/00) 
No. Date Lat. (N) Long. (W) Time (min) No. Wt. (kg) Caught (m) Surface Bottom Surface Bottom 
1974 
June 
i 3 40°29.0'  74°03.0' 0958 15 5 4.5 4 8 16.4 15.4 22.8 23.7 
2 3 40°28.8' 74°04.4' 1130 15 48 1.8 3 7 16.6 15.7 22.3 22.4 
3 3 40°29.0' 74°05.8' 1310 15 9 0.5 3 7 18.6 uSi2 21.8 25.5 
4 3 40°27.8' 74°08.8' 1427 al} S) 0.5 1 4 17.3 17.0 21.0 21.4 
5 4 40°28.5' 74°12.7' 0830 eS NO FISH CAUGHT 5 17.8 16.9 20.9 21.8 
6 4 40°30.4' 74°10.2' 0913 15 1 2 1 6 17.8 16.7 22.5 22.5 
7 4 40°30.6' 74°05.8' 0955 15 2 1.4 2 6 17.6 16.0 22.2 23.0 
8 4 40°27.8' 74°05.4' 1046 15 2 Ly 1 5 18.4 16.4 21.9 22.5 
9 4 40°26.5' 74°02.5' 1137 IS} 22 PIS) 7 5 18.2 16.0 22.4 24.2 
10 4 40°27.5' 74°01.4' 1227 15 27 322 3} 6 17.7 15.8 22.6 24.1 
11 6 40°29.2' 74°01.4' 0809 15 2 e 2 6 16.5 16.4 26.1 26.1 
12 6 40°30.0' 74°01.3' 0855 15 al: eS al 6 16.5 15.9 25.1 2557 
13 6 40°32.8' 74°05.3' 1040 15 NO FISH CAUGHT 5 17.0 16.5 22.4 24.0 
14 6 40°33.0' 74°03.5' 1215 15 22 3.6 5 12 19.2 16.0 23.0 26.5 
15 6 40°36.4' 74°02.7' 335 15 NO FISH CAUGHT 33 18.0 16.2 20.1 26.2 
16 3 40°29.0' 74°03.0' 0957 TS 494 27.2 13 8 16.4 15.4 22.8 23.7 
17 3 40°28.8' 74°04.4' 1130 15 2859 106.6 18 7, 16.6 Sz) 22.3 22.4 
18 3 40°29.0' 74°05.8' 1315 15 2250 22.7 8 8 18.6 15.2 21.8 25.5 
19 3 Ages2e5ie 9 (73e41l5") 2224 30 806 93.9 16 15 15.4 14.1 30.9 30.9 
20 4 40°30.0' 73°40.0' 0017 30 520 SLA, 11 18 15%3 13.0 31.0 31.0 
21 4 40°31.5' 73°36.5' 0152 30 476 73.4 18 19 S35: 13.9 31.0 shitoal 
22 4 40°22.0' 9322950" 0340 30 36 18.1 10 26 14.0 10.2 31.0 31.6 
23 4 40°32.0' 73227..0! 0525 30 88 45.8 11 LS 13.6 13.1 30.9 31.0 
24 4 4023359) 13°27/30" 0644 30 53 56.7 cd, 20 13.8 13.2 30.7 31.1 
25 4 40°31.5' ATO" 0815 30 34 40.8 4 26 14.0 10.5 30.8 31.6 
26 4 40°22.5' W259 55" 1023 30 2 0.5 al 38 15 <3 Tee: spls7/ 33.2 
27 4 40°34.0' 73°03.0% 1203 30 68 31.8 8 24 iE} ble) 31.0 30.5 
28 4 40°39.3" 73°01.0' 1324 30 469 50.3 16 14 14.6 11.9 30.6 30.8 
29 4 40°43.0' 7224925" 1501 30 953 42.2 14 16 15.2 123 30.7 30.9 
30 4 40°43.5' 72°43.0' 1630 30 158 37.2 8 26 14.3 11.0 30.8 31.7 
31 4 40°29.0' 72°22.0' 1905 30 31 20.0 10 53 14.3 6.9 32.4 32.8 
32 4 40°05.0' 72°12.0' 2148 30 37 10.4 6 74 13.1 6.5 32.5 32.8 
33 5 3095025" 7S5655% 0017 30 30 2.7 6 134 14.5 12.8 33.7 35.0 
34 5 39°46.0' A215 50" 0227 30 52 5.0 8 97 12.8 11.6 32.6 34.7 
35 5 3925055" f22105) 0450 30 5 a 4 242 13.0 12.0 33.4 35.6 
36 5 3923055¢ 72°12.0' 0620 30 182 6.4 as] 223 13.0 11-8 Sn ms 
37 5 39° 375" 122382. 50 0835 30 28 5.4 il 99 19.2 16.4 33.6 34.0 
38 5 3952320 72°20.0' 1025 30 800 108.4 4 145 19.0 17.2 35.4 35.8 
39 5 39272505 1222825* 1258 30 124 TiO 10 322 22.5 8.9 35.0 34.2 
40 5 39°20.0' IPE SOR 1506 30 8 6.4 33 119 14.8 13.6 B55) 31.6 
41 5 39°41.0' 72°59.5* 1807 30 12 3.6 5 55 16.7 7.8 33.5 33.1 
42 5 39°44.0' 73°16.0' 1947 30 36 Teil 8 40 16.4 8.0 Shik s7/ 32.8 
43 5 3995055: 7323550* 2145 30 61 10.0 10 413 13.2 4.7 30.2 32.8 
44 5 39°43.0' 73°54-5* 2359 30 129 28.1 10 23 ale seak 9.0 30.8 33.6 
45 6 39°5)20# 73°58.0' 0124 30 184 36,3 11 17 a kz Jesal D9 29.8 325 
46 6 39°56.0' 74°03.2' 0245 30 1004 88.5 12 16 15.4 12.8 29.9 32.0 
47 6 39°58.5" 73°57/0" 0424 30 40 38.6 10 17 I5=5 a kSal 30.9 Shh 7/ 
48 6 40°06.0' 74°01.0' 0544 30 361 5657, 10 15 14.7 11.8 30.2 31.7 
49 6 40°12.0' 73°49.0° 0720 30 Si 7 i, 7 27 16.0 8.7 30.2 32.2 
50 6 40°13.0' 73°54.0' 0816 30 385 71.2 12 22 16.3 11.8 30.9 31.7 
51 6 40°18.0' 73°50.0' 0923 30 29 26.8 c) 27 16.6 7.9 30.5 aples} 
52 6 40°24.0' 73°54.3" 1130 30 189 86.6 2) 17 18.3 12.3 30.4 32.3 
53 6 40°27.0' 739515" 1322 30 473 89.8 17 19 18.4 aa kAS} 28.5 31.5 
54 6 40°24.5' USGI 1513 30 53 29.9 10 35 16.5 Tiss: 28.8 32.8 
55 6 40°16.0' 73°44.0' 1915 30 42 10.0 8 30 16.6 8.0 32.2 30.4 
56 6 40°13.0' 43°37/0" 2035 30 34 20.4 8 35 16.7 7.8 32.1 shils7/ 
57 6 40°12.0' 73°31.0" 2150 30 73 33 o2 12 38 15.8 7.4 shila 32.1 
58 6 40°15.0' 73°35-0" 2356 30 95 12.7 12 27 16.4 9.0 Sa sae) 
59 7 40°20.3' 73°45.8' 0150 30 56 26.8 10 28 16.2 7.8 SES 32.4 
60 7 40°24.0' 73°44.5' 0317 30 49 ed, 8 24 15.6 8.7 30.6 30.4 
61 7 40°32.3' 73°48.5' 0503 30 887 31.3 10 10 1526 ax. 30.2 30.1 
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Sta. Location Start Duration _Total Catch No. spp. Depth _ Temp. (°C) = Salinity (0/oo) _ 
No. Date Lat. (N) Long. (W) Time (min) No. Wt. (kg) Caught (m) Surface Bottom Surface Bottom 
July 
62 23 40°26.9' 74°05.0' 0845 15 18 1.4 4 6 21.9 22.0 26.9 26.4 
63 23 40°27.0' 74°02.8' 0930 15 86 Sol 6 8 21.0 22.0 27.1 27.0 
64 23 40°27.0' 74°02.0' 1025 15 3 1.4 2 7 21.0 22.0 27.2 27.5 
65 24 40°29.5' 74°03.0' 0828 15 16 8.2 3 9 20.5 22.0 26.9 27.4 
66 24 40°29.0' 74°02.0' 0923 ali} 13 2 ian) 4 8 20.7 21.0 27.1 27.1 
67 24 40°26.9' 74°06.0' 1017 15 21 11.3 5 9 21.0 20.5 26.4 273. 
68 24 40°29.2' 74°06.3' 1056 5 26 ala ke} 9 10 21.0 20.7 26.8 26.9 
69 24 40°25.3' 74°00.3' 1339 15 all 5.0 4 7 2185: 21.0 26.8 27.8 
70 24 40°28.0' 74°03.2' 1419 als 46 14.5 7 id 20.9 21.0 27.7 27.4 
71 25 40°33.7' 74°03.1' 0948 15 10 Zayh 7 11 20.3 19.0 28.3 28.6 
72 25 40°32.9" 74°05.6' 1021 ILS} 1 3 aE 6 20.0 19.8 27.0 27.2 
73 25 40°31.0' 74°01.0' 1110 15 3 ed 2 6 19.8 19.3 27.9 29.0 
74 25 40°30.8' 74°05.0' 1147 alt} 2 x 2 7] 20.0 20.2 26.7 27.1 
75 25 40°30.6' 74°09.0' 1230 15 7; x 1 6 20.9 21.0 26.5 26.8 
76 25 40°28.0' 74°10.0' 1310 15 2 3.6 2 4 21.0 20.9 26.0 26.1 
77 24 40°27.0' 74°05.0' 0829 aS) 55 9319 10 8 PAESE) 22.0 26.9 27.4 
78 24 40°26.9' 74°03.0' 1015 15 205 44.0 7 7 21.0 22.0 26.4 Bes 
79 24 40°29.2' 74°06.2' 1157 15 876 29.0 &) 9) 21.0 22.0 26.8 26.9 
80 24 40°30.0' 1324350" 1338 30 409 76.2 10 18 92 13/25) 30.2 32.5 
81 24 40°31.5' MASS 209. 1510 30 518 26.8 9 as 19.6 thd 30.4 31.2 
82 24 40°24.0' 732310" 1646 30 555 52.6 ) 22 20.4 13.8 30.9 32.3 
83 24 40°26.6' W3S2553" 1812 30 125 45.8 9 24 L959 T35 30.4 32.5 
84 24 40°31.5' 73°28.0' 1940 30 225 97.1 13 16 Oe 5: atiyeal 30.3 32.4 
85 24 40°34.0' 73°18.0' 2125 30 171 70.3 14 18 20.1 1559) chiles} 32.6 
86 24 40°26.5' 73STO3S\ 2359 30 514 148.8 10 27 20.3 14.1 hls?) 3229) 
87 25 40°23.8' 72°52.4' 0406 30 387 112.9 12 39 20.1 12.9 31.4 SUS 
88 25 40°36.1' 73°01.4' 0706 30 ry of) 4 20 OS 10.9 32.0 32.4 
89 25 40°39.0' W2eolsoe 1108 30 70 10.0 5 25 20.4 14.9 32.7 31.8 
30 25 40°44.0' 72°47.8' 1231 30 5244 3919, 16 15 20.4 20.4 31.0 31.8 
91 25 40°44.5' 72°40.0' 1421 30 1382 2352 6 21 20.1 14.1 eplsi7/ e533 
92 25 40°48.1' T2g3352 1546 30 18002 109.8 15 17 18.9 17.9 31.6 eps ts) 
93 26 40°35.4' 7223655" 0246 30 166 24.5 alk 33 20.3 ahbeat Sui) S¥IS©) 
94 26 40°17.3' 72°37.6' 0642 30 113 22.2 13 52 20.2 8.8 pls EGA 
95 26 SEYEEL EY 72°42.0' 1035 30 ) 13.6 3 57 21.8 U5} xjfe}sal 335) 
96 26 39°47.5' W2e3335e 1346 30 36 6.4 10 64 21.6 8.5 33.0 33.8 
97 26 39°47.8' 222325. 1515 30 34 eh? 6 82 21.5 939) 32.8 34.4 
98 26 40°02.8' T2210 * 1723 30 28 11.8 7 75 21.0 8.9 33% 339) 
99 26 39°49.0' 71°46.0' 2222 30 290 57.6 als} 329 2355 8.2 34.8 SBoil 
100 27 39°37/8° 725950" 0049 30 107 11.8 11 262 21.8 9.0 34.1 S5tee 
101 27 39°34.5' YEU 0413 30 60 5/10 9 123 21.8 ay oak Be}5©) 36.0 
102 27 39°24.1' F2Nos2 0606 30 22 8.6 Ty 227 21.6 18.5 33.6 35.7 
103 27 SOS Os 72°34.5' 1338 30 13 0.9 2 161 ZAC) 29) 34.8 359) 
104 27 B9C2 7250 72°49.0' 2030 30 102 8.6 10 62 ZP)7/ 8.4 33.6 SE 7/ 
105 28 39°52.0' 73°01.0' 0011 30 1044 135.6 15 60 22.3 U3 32.5 33/52) 
106 28 40°04.3' 73°02.8' 0410 30 113 16.8 12 46 PLZ) 8.3 32/40) 33.2 
107 28 B9S55—3" Tease 0613 30 545 122.5 12 51 21.6 9.0 32's Boe2 
108 28 39°53.0' 73°48.5' 0858 30 71 6.4 3 27 22:5 12.9 31.4 32.6 
109 28 BOSS Seon 74°02.5' alhiey 30 797 5.0 6 15 ese al 16.2 31.0 S19) 
110 28 39°56.3' 73°54.0' 1302 30 1211 27.2 4 22 22.4 alic}5&) 31.4 32.4 
iil 28 39259740 74°02.6' 1441 30 1190 39.9 13 15 22.2 NSS 30.9 31.8 
112 28 40°04.2' 73°36.1' 1720 30 1451 86.6 12 42 23'65 10.7 30.0 33.0 
113 28 40°14.0' 73235508 2001 30 42 UST 9 33 22.5 14.1 30.9 - 32.8 
114 28 40°17.0' 73°39.0' 2115 30 41 CyB} 8 27 22.1 14.1 28.5 32.4 
115 28 40°24.0' 73°41.0' 2228 30 979 169.6 13 26 20.9 14.8 31.0 32.4 
116 29 40°26.0' 73°41.0' 0012 30 920 156.9 ©) 27 2153 14.5 wks es 
117 29 40°23.0' 73°34.0' 0136 30 310 60.8 13 22 21.6 14.9 30.9 32.6 
118 29 40°10.0' 73°51.0' 0448 30 1011 21.8 8 24 22.1 14.5 30.8 32.3 
119 29 40°14.0' 73°48.0' 0612 30 166 18.6 w 33 22.3 13.9 SO) 3255 
120 29 40°07 50 7375354" 0717 30 1144 33.6 12 30 21.2 a(S) 2975) 32.0 
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Location Start Duration Total Catch No. spp. Depth Temp. (°C) 
No. Date Lat. (N) Long. (W) Time (min) No. Wt. (kg) Caught (m) Surface Bottom Surface Bottom 
Aug. 
121 14 40°29.1' 74°01.9' NO FISH CAUGHT 
122 14 40°31.0' 74°01.2' 0904 15 5 2s) =) 5 25.5 22.9 27.0 
123 14 40°33.4' 74°03.3' 1016 15 16 Vaal 6 6 24.5 23.4 26.2 
124 15 40°25.2' 74°00.5' 1115 15 39 0.5 4 6 27.0 24.5 26.3 
125 15 40°26.1' 74°02.2' 1210 15 3 3 2 5 26.5 23.2 25.7 
126 15 40°27.0' 74°03.9' 1255 15 255} a 3 5: 25.5 23.5 26-1 
127 21 40°32.2' 74°05.2' 0726 15 NO FISH CAUGHT 4 23.4 232 27.6 
128 21 40°30.9' 74°05.2' 0807 ale} 71 0.5 2 3 23.5 22.8 26.6 
129 21 40°30.8' 74°05.2' 0850 15 NO FISH CAUGHT 6 23.3 22.9 27.2 
130 21 40°30.5' 74°09.1' 1051 15 18 0.5 2 6 24.3 24.0 27.5 
131 21 40°28.7' 74°14.6' 1136 15 16 1.4 3 6 24.3 23.0 26.3 
132 21 40°27.7' 74°09.9' 1254 15 4 8.6 1 4 24.9 24.5 25.6 
133 22 40°29.4' 74°03.0' 0821 15 2 0.9 2 8 23.5 23.6 27.6 
134 22 40°29.5' 74°06.2' 0905 15 5 3.6 5 9 23.8 23.6 27.6 
135 22 40°27.1' 74°05.1' 1004 15 2 0.5 2 6 23.8 23.6 27.3 
136 23 40°27.8' 74°01.3' 0812 15 116 aie 6 7 23.8 23.8 27.6 
137 16 40°32.0' 7325530 1225 30 461 363.8 10 12 22.2 22.3 31.6 
138 16 40°31.5' 13253 sou 1358 30 474 86.6 il abil 22.7 22.0 30.8 
139 16 40°33.3' 73°39.0' 1554 30 9970 37.6 1l 16 22.5 21.1 31.6 
140 16 40°31.8' 7323 68h: 1714 30 1869 36.3 13 20 22.5 TO Sa! 31.7 
141 16 40°26.0' 4323350 * 1925 30 147 3252 10 27 22.7 17.1 31.7 
142 16 40°28.0' 7322623" 2052 30 244 37.6 14 24 21.4 alz/sal 32.7 
143 16 40°33.0' 7322855" 2248 30 173 17.7 17 16 22.2 20.1 31.6 
144 aly) 40°34.0' W3c2350" 0004 30 485 38.6 17 18 22ia3 19.8 31.6 
145 17 40°31.0' TEPMIEREY 0115 30 187 35.8 12 24 29) 17.2 32.0 
146 17 40°24.1' 73°05.2' 0407 30 78 21.8 9 40 21.2 10.9 32.6 
147 7, 40°33.8' 73°03.0' 0557 30 1136 47.2 ©) 29 21.8 13.8 s¥Joi1 
148 17 40°37.5' 73°08.0' 0746 30 181 37.2 8 19 20.5 18.5 32.4 
149 17 40°36.5' g2255508 0925 30 55 LiAiesa 10 30 Lt? 9 32.3 
150 17 40°42.0' 72°54.5' 1207 30 3146 48.1 19 15 21.4 17.8 32.3 
151 17 40°43.5" 72°43.5' 1359 30 89 85.7 C} 23 Cy 257) 32.3 
152 18 40°13.5' T2c30s95 0122 30 499 117.0 15 54 21.8 8.4 32.8 
153 18 40°13.7' 72°44.5' 0245 30 561 131.5 13 52 21.3 8.7 32.4 
154 18 40°01.2' 73°00.6' 0547 30 26 8.6 8 49 21.7 8.5 32.2 
155 18 3955535 7322020" 0907 30 302 72.6 14 49 22.2 Se) 32.1 
156 18 3984555" 73215 .0° 1045 30 655 30.4 12 45 22.3 10.7 32.5 
157 18 39°46.0' 7320055" 1223 30 238 38.6 13 67 22.6 8.4 3259) 
158 18 3923670 w2042-6" 1538 30 64 12.7 10 72 22.5 8.9 33.5 
159 18 39°47.8' 7204355" 1727 30 19 3.2 6 56 22.9 8.4 34.5 
160 18 40°09.0' 72°20.0' 2148 30 398 143.8 11 68 22.6 9.6 33.9 
161 19 39255255 72°00.5° 0119 30 989 78.0 10 89 22.4 18.3 34.9 
162 19 39°45.5' 71°58.4" 0318 30 397 24.5 12 146 23.3 355 35.7 
163 19 39°40.8' 71°56.5' 0500 30 232 I /37) 15 267 23.0 9.0 35.4 
164 19 39°22-0' A227 ooe 1319 30 362 21.8 19 330 23.9 7.8 35.1 
165 ne) 39°17.8' 72°27.6' 1457 30 6 128.4 3 139 23.6 13.2 34.7 
166 19 39°3;750)° TR EVISGED 1751 30 1822 110.2 7 127 23.4 13.4 34.1 
167 19 39°30°5* 73°03.0' 2235 30 388 40.4 14 66 22.2 8.1 33.2 
168 20 39°46.0' 73°55.0° 0402 30 71 145i 12 25 23.4 14.0 32.2 
169 20 39°48.6' 74°01.0' 0515 30 264 6.8 3 17 21.4 16.2 32.0 
170 20 S9°56-3 74°02.9' 0636 30 25 0.9 3 18 21.0 17.0 32.0 
171 20 39°51 50" 732570" 0813 30 83 223 6 21 23.0 14.4 32.2 
172 20 40°01.0' 73°45.0° 1058 30 53 6.8 8 33 23.2 13 i533) SWS) 
173 20 40°08.8' 73°57.0' 1240 30 107 1.4 3 17 23.2 16.3 31.7 
174 20 40°10.0' 73°47.0' 1403 30 2653 74.8 7 33 2359, ake eal 5 
175 20 40°10.0' 73°41.0' 1533 30 1832 111.1 10 49 IESET/ 922 32.3 
176 20 40°03.5' 73°35.0° 1728 30 1585 68.5 g, 42 23152 10.8 32.0 
177 20 40°13.6' 73°26.7' 2011 30 195 18.1 +) 38 23.6 12.5 32.3 
178 20 40°19.0' 73°36.0° 2140 30 383 10.9 10 26 23.4 15.4 32.1 
179 20 40°23.0° 73°41.0° 2257 30 278 12.2 11 27 23.8 15.9 31.5 
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237 
238 


Date 


Location Start Duration Total Catch 
Lat. (N) Long. (W) Time (min) No. Wt. (kg) Caught 
40°25.0' 73°41.0' 0002 30 112 8.6 U 
40°23.0' fSsol0r 0218 10 37 5.4 5) 
40°28.9" 74°05.3' 0915 15 200 PAST} 6 
40°29.4' 74°07.2' 1145 15 39 fe 5 
40°30.6' 74°05.9' 1301 15 610 3.6 8 
40°26.7' 74°01.3' 1410 15 22 8.2 6 
40°29.2' 74°01.5" osol 15 89 Sh. 8 
40°33.3' 74°03.2' 0910 15 306 6.8 9 
40°32.6' 74°05.5' 1030 15 985 6.4 4 
40°30.5' 74°09.3' 1201 15 1441 EJBE) 8 
40°28.6' Te Maleygey 1255 15 238 1.4 5 
40°27.8' 74°08.8' 1348 i} 30 0.9 4 
40°26.4' 74°02.6' 0810 15 198 3.6 9 
40°27.8' 74°05.0' 0913 15 74 8.2 8 
40°29.0" 74°05.0' 0912 15 1865 8) 8 
40°29.0' 74°05.0' 1142 15 545 ak S74 12 
40°30.0' 74°05.0' 1258 15 30371 57.6 9 
40°30.0' 7325370" 1449 30 621 abeh heal 13 
40°31.9' 73°49.1' 1603 30 3451 93.4 19 
40°33.9' 73°42.4' 1733 30 724 2316 17 
40°29.2' 73°40.1' 1851 30 228 147.9 16 
40°17.8' 13s 42i52 2039 30 112 49.0 12 
40°17.8' Teever 2152 30 179 66.2 16 
40°15.0' 732370 2316 30 72 145.6 13 
40°15.9' 73°34.8' 0058 30 als) 57.6 16 
40°19.6' 73232.6' 0243 30 165 298.0 15 
40°25.0' ToS 0421 30 313 57.2 16 
40°28.8' 73°26.7' 0648 30 88 112.5 13 
40°3225" 32 29e 2 1020 30 14381 59.0 15 
40°33.5' 73°25.0' 1130 30 2797 93.9 19 
40°37.0' Paha lates 1333 30 8022 74.4 19 
40°31.8' 73°08.4' 1728 30 1612 102.1 15 
40°38.1' 73°05.4' 1850 30 1989 53).5 24 
40°38.5' 2¢55.0" 2021 30 215 158.3 10 
40°40.8' 72°52.8' 2328 30 513 98.0 20 
40°46.0' 72°40.5' 0113 30 12386 168.7 27 
40°32.2' 223150" 1013 30 172 24.5 ali 
39°59.0' TAR Seu 2200 30 576 46.3 16 
39°48.0' SOs 0134 30 324 13.6 17 
39239202 72°17.8' 0431 30 218 6.4 7 
3992354! W222" 6" 0635 30 39 6.4 2 
39°13.0" A222655" 1129 30 529 23.6 12 
39°22.4' P2229 25 1334 30 107 925 4 
3924357 72°40.7' 1842 30 534 76.7 10 
39°57.0' (2g s 50.4 2154 30 412 78.5 11 
40°06.5' 12230502 2338 30 398 66.2 14 
40°04.0' 293920" 0058 30 537 176.0 16 
40°09.5' 13205/39. 0414 30 227 62.1 14 
SER AY A32UOTO" 0618 30 3269 228.6 17 
39°54.0' P35 s 0755 30 186 46.3 aul 
39346255 W325" 1041 30 74 20.4 g) 
39°48. 3' 73°22.0' 1211 30 19935 559.3 9 
39°45.5' 74°03.4' 1722 30 427 157.29, ally) 
39°48.4' 73°58.8' 1840 30 373 186.9 19 
40°05.5' 74°00.0' 2220 30 369 98.8 12 
40°04.0' 73°56.0' 2342 30 plzal 93.9 12 
40°07.5' 73°48.8"' 0143 30 275 113.4 16 
40°28.9"' 74°04.8' 0920 15 357 4.1 aly} 
40°29.3' 74°06.6' 1030 aAGS 543 2.7 11 


spp. 


Depth 
(m) 


28 
25 


al stBs 
141 
297 
131 


** 


10.9 


Temp. (°C) 


Surface Bottom 


** 


25.6 
24.6 
26.0 


25/48 
23.4 
23.8 
253 
23.6 
24.0 


Salinity (0/00) 


Surface Bottom 
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Sta. Location Start Duration Total Catch No. spp. Depth Temp. (°C) Salinity (0/00) _ ; 
No. Date Lat. (N) Long. (W) Time (min) No. Wt. (kg) Caught (m) Surface Bottom Surface Bottom 


239 22 40°29.9' 74°08.2' 1210 15 4714 2.7 5 9 11.8 MW | AAD as 
240 22 40°30.6' 74°06.1' 1300 15 289 0.5 7 6 12.0 11.8 24.9 : 
241 22 40°29.9'  74°03.9' 1339 15 18 0.5 4 8 12.4 11.7 24.5 25.3 
242 23 40°27.9'  74°01.1' 0827 15 141 15.0 13 6 9.4 10.4 2357) 24.0 

' ° ' 42 5.0 6 6 9.5 10.2 22.9 23.6 
243 23 AOR 265 Gig Canoes Cane ae 50 5.4 3 6 10.4 10.6 ae) ABT 
oe a Sonate Beeee ae a 485 0.5 3 5 10.7 10.5 23.8 23.9 
245 23 40°27.6 74 eat 4.5 6 <j 11.5 11.4 23.3 23.8 
246 23 40°27.4" 74°09.1 1230 us ee : 6 22.9 24.8 
247 23 40°28.5' 74°11.1' 1300 15 25 0.9 3 4 19.9 ll. 5 i 

' 213.5! 0.9 2 4 12.4 11.5 23.3 24.8 
248 23 40°28.7' 74°13.5 1326 15 39 ae ae oe 
249 23 40°30.3' 74°09.9' 1407 15 81 Bay 5 6 12.4 5 5 ‘ 
250 24 40°25.9'  74°00.2' 0817 15 21 0.9 5 5 9.1 ides zee 25-8 
251 24 40°29.1'  74°01.3' 0910 15 83 0.5 4 5 11.6 : : 5 

* 1 7 12.8 12.8 26.2 27.8 

252 24 40°31.1' 73°58.8' 1015 15 20 12.4 24.8 25.8 
253 24 40°31.2' 74°01.2' 1127 15 il * 2 5 THB Bec aa Be 
254 24 40°33.8'  74°03.1' 1206 15 12 1.4 6 3 12.1 anes es 5. 
255 24 40°32.8' 74°05.3! 1250 15 13 4.5 2 4 11.8 5 E 
256 22 40°29.0' 74°05.0' 0920 15 2392 32.2 18 8 10.9 11.4 24.7 AO 
257 22 40°29.0' 74°07.0' 1025 15 5339 2200 12 7 10.4 11.4 24.4 2516 
258 22 40°29.0' 74°07.0' 1205 15 15499 3257 15 5 11.8 11.2 24.1 2604) 
259 22 40°28.0' 73°52.0' 1403 30 1063 355.2 19 18 13.6 18-5) =) 3059) 31.8 
260 22 40°31.0' 73°48.0' 1831 30 696 430.0 20 17 13.2 14.2 32.2 32.3 
261 22 40°34.0' 73°47.0' 2009 30 341 465.4 20 12 12.9 13.5 Sie 31.9 
262 22 40°34.0'  73°43.0' 2153 30 587 148.3 18 ll 13.2 13.4 31.8 31.9 
263 22 40°32.0'  73°36.8' 2359 30 520 109.8 20 14 13.3 13.4 31.9 31.9 
264 23 40°28.2' 73°40.6" 0148 30 528 727.1 17 22 13.4 13.4 32.2 32.1 
265 23 40°25.7' 73°36.9' 0335 30 451 435.4 1s 20 14.0 14.2 32.1 eps 
266 23 40°24.0' 73°33.0' 0540 30 1272 626.4 23 26 14.0 14.2 32.0 32.0 
267 23 40°10.0' - 73°18.5' 0726 30 1069 335.7 ll 36 14.8 14.7 32.5 32.5 
268 23 40°28.6' | 73°12.8' 1142 30 3385 390.1 15 28 13.8 14.4 32.5 32.9 
269 23 40°27.5' 73°20.5' 1358 30 3531 248.1 12 25 14.2 14.6 Bai BoeS 
270 23 40°32.5'  73°26.8' 1548 30 2600 65.3 18 16 Mig? ag 31.9 2.9 2 
271 23 40°32.0' 73°23.0' 1718 30 450 199.6 20 1s 14.2 14.1 31.9 3129) 
272 23 40°36.0' 73°16.0' 1905 30 903 75.3 26 16 13.4 13.4 31.7 31.7 
273 23 40°37.5' 73°10.0' 2108 30 613 calla! 24 17 13.6 13.6 31.9 30.9) 
274 23 40°34.0' 73°09.0' 2255 30 888 430.4 23 23 13.6 13.6 32.0 32.3 
275 24 40°39.0' 73°01.8' 0112 30 300 TSE 17 17 13.5 1386 32.0 aoe 
276 24 40°37.0' 72°55.3' 0230 30 2139 957.5 20 29 13.6 13.7 32.2 3207) 
277 24 40°34.7' 72°49.0' 0434 30 979 656.3 16 33 14.2 14.4 32.8 3300) 
278 24 40°46.0' 72°41.0' 0835 30 471 360.6 19 19 14.3 14.2 Bes 3205 
279 24 40°46.0' 72°33.0° 1027 30 816 1020.1 14 20 13.4 13.4 32.5 32.5 ' 
280 25 40°21.0' 72°40.5' 0250 30 481 95.7 1s 48 14.2 12.4 33.0 3303) ae 
281 25 40°08.5' 72°52.7' 0505 30 250 93.4 18 49 14.3 13.0 33.2 33.3 
282 25 39°58.0'  72°47.0 0840 30 99 52.6 13 55 14.3 10.5 33.1 33.2 
283 25 40°03.5' 72°30.0' 1038 30 108 56.7 ul 59 15.0 10.5 33.1 3586 
284 25 40°07.0' 72°25.0' 1217 30 37 18.1 6 62 15.0 10.5 34.0 33.9 
285 25 39°58.5' 72°05.6' 1817 30 63 19.5 8 81 14.7 11.3 + + 
286 26 39°43.0' 71°51.5' 0208 30 387 91.6 ll 348 15.5 7.5 ae ae 
287 26 39°51.5' 71°48.5' 0624 30 12 8.6 5 165 15.4 ily +e ** 
288 26 39°46.0' 72°12.5' 9910 30 81 12.2 8 97 14.5 12.8 33.9 35.0) 
289 26 39°12.0' 72°26.5' 1750 30 139 20.0 17 288 15.5 8.6 34.7 35.3 
290 26 39°14.5' 72°42.5' 2159 30 1344 86.6 12 113 15.8 14.8 34.7 35 
291 27 39°37.0' 72°50.0' 0434 30 200 115.7 10 63 14.0 13.7 + ** 
292 27 39°51.0' 73°01.5' 1035 30 187 190.5 10 75 14.0 10.5 33.2 33.4 
293 27 39°52.5' 73°49.0' 1848 30 1084 939.4 20 15 14.1 14.3 ** ** 
294 27 39°50.0' 74°01.5' 2113 30 414 78.5 21 15 13.4 13.8 31.3 31.8 
295 27 40°05.0' 73°55.0' 2222 30 1076 1225.2 17 22 13.4 14.3 31.7 31.3 
296 28 40°05.0' 73°32.0' 0143 30 168 112.9 14 62 14.1 10.5 32.8 33.0 
297 28 40°20.0"  73°44.0' 0516 30 2882 953.9 14 24 14.0 14.3 3257 32.8 
298 28 40°24.0' 73°57.0' 0828 30 5804 79.4 20 12 13.1 14.2 31.0 31.6 
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Sta. Location Start Duration Total Catch No. spp. Depth Temp. (°C) Salinity (0/00) 
No. Date Lat. (N) Long. (W) Time (min) No. Wt. (kg) Caught (m) Surface Bottom Surface Bottom 
Nov. 

299 “Te 40°28.4' 74°04.1' 1037 15 134 5.4 alah 8 10.5 9.8 ak 27.1 
300 18 40°29.1" 74°05.6' 1130 15 102 fers) als} 9 10.2 9.6 sodind 26.5 
301 18 40°29.6' 74°08.1' 1314 15 Wal 1.8 9 8 10.4 10.1 bated 26.8 
302 18 40°29.1' 74°03.5' 1506 15 45 OVs'5; G) U 10.5 10.4 ak 2959, 
303 19 40°29.0' 74°01.5' 0906 15 16 4.5 7 5 9.8 9.8 ak 27.4 
304 19 40°31.1' 74°O1.1' 0950 15 23 23: 33 5 11.4 10.7 ae 26.4 
305 19 40°33.2' 74°00.2' 1035 15 5 0.5 3 5 13.4 10.6 ak 30.4 
306 19 40°33.3' 74°03.2' 1121 15 232 3.6 10 7 S9) 11.1 ak 25.4 
307 19 40°32.5' 74°05.2' 1212 15 15 1.4 6 5 12.8 11.2 ak Zone) 
308 19 40°30.5' 74°05.3' 1301 15 37 awl 8 6 12.4 10.7 ak 26.6 
309 19 40°27.4 74°05.5' 1354 15 54 On9 11 5 LS) 9.7 xk 23.4 
310 19 40°27.1" 74°03.2' 1441 als) 71 5.4 11 5 ataleyal 10.6 ak 28.3 
311 19 40°27.5' 74°01.6' 1521 15 105 6.4 9 8 12.0 10.1 *k 2952: 
312 20 40°30.3' VASOS 0947 15 65 3.6 9 5 10.0 9/5 x, 25.2 
313 20 40°28.4" 74\c1:3 33 1049 15 27 1.4 5 5 10.8 9.8 ae 25.3 
314 20 40°28.3' AST S 1126 15 86 3.2 9 5 10.8 9.4 eaded Ae 7/ 
315 20 40°27.5' 74°10.0' 1253 15 45 1.4 U 4 10.4 10.1 tated 24.8 
316 20 40°26.5' 74°02.5' 1353 15 135 9/55) 9 6 10.7 10.1 xx) 28.8 
317 20 40°25.2' 74°00.2' 1445 15 46 D)\9) 5 6 9.8 9.7 inh 26.4 
318 18 40°28.0' 74°04.0' 1033 15 533) 33h d 18 8 10.6 QS7/ 23.8 27.0 
319 18 40°29.0' 74°05.0' 1122 15 590 23.6 14 8 10.2 9.6 ak x 
320 18 40°29.0' 74°08.0' 1310 a5: 945 53.5 18 8 10.4 10.1 ZG) 26.9 
321 18 40°30.2' 73c5Sis0" 1720 30 638 36.3 20 12 12.0 13.0 253 33.5 
322 18 40°33.8' W3SoTs0. 1910 30 645 63.5 22 8 12.1 12.4 33.2 33/1! 
323 18 40°34.0' PEERY 2045 30 529 88.5 19 11 12/53 aba 7/ 33.3 333 
324 18 40°26.0' 73°27.0' 2235 30 349 149.9 25 26 abysnal 12.4 SS ehe}oal 
325 19 40°35.5' 325505 0022 30 1130 190.5 26 8 10.5 10.9 32.2 32.1 
326 19 40°36.0' 73°21.0' 0231 30 3089 151.0 18 13 11.5 11.3 32.0 32.0 
327 19 40°37.0" 73eVvas5 0517 30 9898 235.9 21 15 10.5 10.3 32/73. S232) 
328 19 40°21.5' 72°53.5' 0950 30 164 162.8 10 46 12.4 alZ}sal Z}}55) =}}5) 
329 19 40°34.0' TORS 1146 30 171 77.6 19 30 12.0 12.4 32.4 32.9 
330 19 40°39.0' 72°52.4' 1428 30 745 249.9 20 24 ato? 12.3 32.3 32 of 
331 19 40°41.6' W2c55 60! 1620 30 565 124.3 aly 15 10.9 11.0 32.3 32.3 
332 19 40°46.0' 12° 42-51" 1810 30 1574 248.1 aby 10 11.1 13/3) 32.4 32.6 
333 19 40°49.5' 722305150 1950 30 2280 452.7 17 10 11.8 TUNES) 32519) 32.6 
334 19 40°49.5' Veer sey cally) 30 823 169.2 17 14 11.4 12.0 32.8 33.0 
335 20 40°30.0' 72°30.0' 0953 30 303 254.0 17 46 alyXS7/, als}aab 33.4 33.7 
336 20 40°00.8' 225055. 1531 30 130 149.2 15 Su L253) als}aal 34.0 34.7 
337 20 39°48.5' UGS 1935 30 334 w193)52 17 67 229 3 /o77, thd a 
338 20 39°57/.5" 72°31.0' 2235 30 321 151.0 16 47 ILS }eal 13.6 aa aX, 
339 21 40°09.0' 72°20.5' 0036 30 200 113.4 12 68 2i519) alejqal 34.1 34.1 
340 21 40°11.2' d2eV2 8" 0225 30 338 abykoaat 19 66 13.4 ate}GH) 34.0 34.1 
341 21 40°19.0' 73°35.0' 2204 30 261 181.9 by 26 ala beat 11.3 32.8 32.8 
342 23 40°03.5" (3 c20 is 0043 30 1089 555.2 16 45 10.8 12.4 33.4 34.0 
343 23 39257/.0" 73°10.0' 0342 30 574 477.2 15 64 9.4 13.0 A, Ck 
344 23 39°44.3" TOE} SY 1700 30 299 45.8 ll 237 a3 515) catiad 34.6 35.7 
345 23 39°48.0' T5655) 1845 GEAR LOST 148 2i2 14.2 34.5 36.0 
346 23 39°36.7' 222575" 2230 30 808 283.0 15 335 13.4 11.4 34.8 3519) 
347 24 39°2658) 72°22.0' 0054 30 121 6.8 16 131 13.6 ale}aal KS RS 
348 24 39°23.4' 72°36.0' 0400 30 298 8.6 12 112 13.5 13.9 3520) 35.8 
349 24 39°28.5' 72°43.5' 0610 30 421 526.6 11 64 12.5 13 219: 34.2 35.2 
350 24 39°43.0' 732035) 0932 30 194 114.8 9 50 zs} ale}o¢3 34.3 34.4 
351 24 39°46.0' 13235 1110 30 81 104.3 U 46 AGS} 13.0 34.0 34.7 
352 24 39°46.1" 73°58.8' 1622 30 198 478.1 13 20 11.4 11.5 32.8 32.7 
353 24 40°01.0' 73°49.0' 1902 30 176 180.5 18 28 alike} 11.6 33.0 33.4 
354 24 40°09.0' 73°50.8' 2032 30 177 145.6 19 24 10.7 abyjaal S2ey/ 33.9 
355 24 40°16.0' 73°46.0' 2158 GEAR LOST 49 10.9 12.3 BAG SE}G7/ 
356 25 40°24.0' 73°41.0' 0042 30 212 108.4 15 24 au kal 11.0 32.5 33/2) 
357 25 40°08.5' 73°33.8' 0303 30 334 336.6 16 35 WoL} 12.3 33.4 33.9 
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Sta. Location Start Duration Total Catch No. spp. Depth Temp. (°C) Salinity (o/oo 
No. Date Lat. (N) Long. (W) Time (min) No. Wt. (kg) Caught (m) Surface Bottom Surface ore 
1975 
Jan. 
358 3 40°29.1' 74°01.5' 1017 15 35 os) 5 U 5.0 6.0 28.3 28.2 . 
359 3 40°31.0' 74°01.2' 1058 15 27 1.8 6 7 6.1 6.0 28.4 29.2 
360 3 40°33.3' 74°00.4' 1140 15 26 0.9 4 7 HO 6.5 32.5 33.4 ‘ 
361 3 40°33.5' 74°03.1" 1314 gS 36 0.9 9 5 6.0 6.0 26.3 27.2 } 
362 3. 40°32.5'  74°05.2' 1358 15 28 0.9 6 5 5.8 5.3 26.6, 2780) a 
363 3 40°30.4' 74°05.4' = =1435 15 20 * 3 7 5.8 522 26.1 26.9 
364 6 40°25.2' 74°00.2' 0948 15 73 4.5 7 6 3.6 4.8 23.9 23.5 
365 6 40°27.5' 74°01.1' 1045 UB} 112 1.8 4 6 4.5 6.3 24.5 26.5 
366 6 40°27.1' #4°03e5) 31230. 15 alle) 2 6 7 4.8 6.0 25.1 26.1 
367 6 40°29.1' 74°03.0' 1307 15 31 0.5 3 7 5.4 6.2 25.6 26.9 
368 6 40°29.3' 74°06.1' 1346 15 26 0.5 3 9 5.8 5.8 26.3 26.6 
369 6 40°27.5' 74°05.6' 1433 15 25 0.5 4 7 5.4 5.8 26.2 26.6 
370 9 40°28.3' Pacis Steels 28) 15 4 0.5 2 3 6.2 6.2 22.5 22.4 
371 &) 40°28.5' 74°11.0' 1404 15 68 Zfes 8 3 6.2 E}5©) 24.8 24.2 
372 31 40°28.5' 74°04.5' 0952 15 35 0.5 3 g) 4.7 4.8 25.8 26.1 
373 31 40°30.0' 74°07.5' 1218 15 92 1.4 6 9 4.8 4.7 26.5 25.6 
374 31 40°29.0' 74°06.0' 1355 15 524 12.2 6 8 4.3 4.38 23.3 25.0 
Feb. 
375 3 40°27.2' 74°03.4' 1447 5 195 9.5 7 6 4.2 4.3 22.1 22.9 
376 3 40°29.0' 74°01.5' 0935 15 36 0.9 7 5 4.0 4.2 24.1 24.0 
377 3 40c3re1" 74°O1.1" 1015 US al7) OSS) 2 5 4.1 4.4 20.6 22.7 
378 3 40°33.3' 74°00.0' 1058 15 2 * 1 6 4.4 4.5 23.9 24.3 
379 s} 405337554 74°03.0° 1140 15 28 0.5 6 6 4.2 523 23.7 28.2 
380 3 40°32.6' 74°03.0' 1307 15 NO FISH CAUGHT 5 4.1 4.3 23.9 23.9 
381 3 40°30.3" 74°Q5.2' 1347 15 22 8 3 7 4.2 4.2 24.0 22.4 
382 3 40°29.3' 74°04.0' 1429 15 2 * a 8 4.2 4.3 22.9 22.4 
383 4 40°28.2' 74°14.0' 1255 15 12 Qievl, 4 4 BS5 3.8 24.8 20.7 
384 4 40°28.0' 74°12.0' 1330 15 13 * 
385 4 40°30.3' 74°10.0' 1405 15 18 0.5 5 3 a7 ate ats oe 
Jan c . 
386 31 40°29.0' 74°05.0' 0950 15 1815 24.0 10 10 4.7 4.8 25.8 26.1 
387 31 40°29.0' 74°07.0' 1122 15 416 }aak 12 8 5.0 4.7 26.5 25.6 
388 Su 40°30.0' 71°08.0' 1216 15 1372 1 U7 / 10 8 4.8 Ce 23.3 25.0 
389 31 40°28.0' 73°50.0' 1415 30 815 70.8 11 17 6.4 VES 32.1 33.6 
390 sit 40°34.0' 73°41.0' 1556 30 227 62.1 7, 8 4.8 6.2 shh 7/ 32.2 
391 31 40°31.2' 7323703" 1728 30 277 67.6 15 aly 5.8 6.0 32.7 32.8 
392 31 40°29.8' 73°36.7' 1958 30 662 150.6 17 20 6.0 2523 32.7 33.4 
393 31 40°26.0' f3230.5. 2155 30 481 89.4 19 22 55) 7.0 32.4 33.3 
394 31 40°29.3' 7ae3l.0! 2355 30 426 60.8 14 23, 5.6 6.4 32.4 32.6 
Feb. 
395 sl 40°32.5' 73°27/50" 0108 30 522 62.1 14 19 5.6 6.2 32.2 32.6 
396 al 40°25.0' 73°24.3' 0230 30 671 133.4 14 29 5.0 6.0 32.4 32.6 
397 1 40°24.2' 73CLS eS 0355 30 414 176.9 16 Sil 5.0 See) 33.0 33.0 
398 1 40°11.5' 73et5n0" 0545 30 409 142.4 16 38 5.6 6.8 33e3 33.4 
399 1 40°32.0' 73213502 0928 30 421 59.9 15 21 50 5.4 32.6 32.7 
400 a 40°36.0' 73°16.5' 1044 30 553 68.5 16 15 5.0 5.2 34.4 32.3 
401 al 40°39.5" 7aLO2e3in 1232 30 423 147.0 14 15 5.0 Ses 32.2 32.2 
402 1 40°37.2' 73°01L.0* 1346 30 318 82.1 14 22 5.2 4.8 32.1 32.6 
403 1 40°40.0' 7205350 1504 30 243 TE 12 27 3.8 5.0 32.5 S¥357/ 
404 1 40°44.0' 72°48.5' 1741 30 431 101.2 11 15 3.8 4.5 32.4 32.5 
405 ub 40°47.1"' W2c29550 1940 30 510 131.1 16 24 4.1 5.3 32.7 33.0 
406 2 40°36.1' 1223255), 0523 30 473 126.6 10 40 5.2 5.8 33.4 33.3 
407 2 40°26.2' 72°44.8' 0723 30 153 76.7 10 44 6.0 6.8 ek}o7/ e}e}57/ 
408 2 40°05.0° 72°45.0° 1256 30 214 234.5 6 55 8.4 8.4 34.3 34.4 
409 2 40°16.5' T2eL TRO 1549 30 181 19921 9 57 8.2 8.5 34.1 34.1 
410 2 40°04.0' 72°02.0° 2055 30 517 169.7 17 76 7.6 10.4 34.2 34.8 
411 3 39°44.2' A569" 0619 30 27 10.4 4 172 11.2 13.7 36.0 36.1 
412 3 39°52.0° 71°45.0' 0945 30 32 5.0 4 219 8.1 Wil5) 34.8 36.0 
413 3 39°58.3' 72°08.7' 1408 30 109 49.9 13 82 8.2 11.2 34.2 34.9 
414 3 39°56.4' 72°20.2' 1630 30 189 99.3 11 74 8.8 10.2 34.6 34.6 
415 3 39°55 72°44.0° 2312 30 332 223.2 14 69 8.2 9.0 34.5 34.5 
: 
, 
| 
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Table 2.--Continued 


Sta. Location Start Duration Total Catch No. spp. Depth _ Temp. (°C) = Salinity (0/oo) 
No. Date Lat. (N) Long. (W) Time (min) No. Wt. (kg) Caught (m) Surface Bottom Surface Bottom 
416 4 39°45.6' 72°38.0' 0115 30 316 143.8 14 62 8.8 9.0 34.6 34.3 
417 4 39°36.0' 72°24.0' 0348 30 116 70.8 12 283 8.2 9.1 34.2 36.1 
418 4 39°33.4' 72°12.4' 0742 30 45 8.6 2 134 11.6 13.1 36.8 36.9 
419 4 39°3070" 72°26.0' 0925 30 6 abet) 1 126 8.9 12.9 34.3 35.9 
420 4 39°09a1" 72°32.8' 1648 30 162 29.5 PS 342 12.8 9.3 36.1 35.7 
421 4 39°26.0' 72°57.5" 2224 30 287 132.4 1l 59 8.5 8.9 34.7 34.7 
422 5 39°38.0' 72°45.3' 0158 30 509 304.4 ni) 69 8.5 9.3 34.2 34.6 
423 5 39°46.2' 73°07.0' 0426 30 267 519.4 Hi 47 8.5 8.4 34.5 34.5 
424 5 392556" 73°14.0' 0807 30 781 SEI 7/oat 9 75 7.4 8.2 Sokad Cae 
425 5 39°45.0' TESOUAY 1150 30 101 65.8 6 33 7.8 7.2 ae ae 
426 >) 39°40.5' 74°04.1' 1614 30 als} 26.3 12 16 5.0 5.0 32.9 a3 
427 5 39°46.3' 73°58.4' 1855 30 297 67.6 ate) 21 G55} Sol ak tk 
428 5 39°52.0' 74°03.0' 2034 30 433 86.2 aly 15 5.4 5.2 ak *k 
429 5 39°54.5" 74°01.0' 2212 30 342 58.1 ale} 16 5.4 5.3 32.0 32.6 
430 6 39°59.0' Tee! o1s1 30 240 Teal aie) 24 6.2 bata 32.8 latin’ 
431 6 40°04.5' 73255.0. 0314 30 258 64.0 14 23 6.2 6.6 33/52 aed 
432 6 BOSS 75" 733 5c4u 0520 30 196 79.4 16 30 6.4 5.4 33.8 od 
433 6 40°16.0' 32330) 0925 30 478 136.5 13 27 5.4 5.4 32.8 33.0 
434 6 40°13.0' 73c3 540" 1127 30 403 114.3 14 28 Eya7/ 5.8 33.2 33.3 
435 6 40°10.6' 73°38.6' 1257 30 418 124.3 12 36 5.9 6.0 3333 ak 
436 6 40°11.0' 73°47.0' 1448 30 510 132.0 abik 35 6.2 6.0 3323 33.3 
437 6 40°16.0' 73°45.0' 1558 30 955 289.8 20 31 5.9 6.0 33.0 33.0 
438 6 40°16.5' 73°54.0' 1736 30 244 Diisi2 12 21 5.4 5.8 30.3 S353, 
439 6 40°21.8' 132.48 )51 1926 30 118 11.8 26 37 EXS7/ 6.1 32.3 33.7 
Mar. 
440 6 39°51-5" 71°45.0' 1112 30 321 85.7 14 207 Teal! 9.8 34.9 36.4 
44) 6 39°48.5' 71°48.0' 1318 30 209 135.6 13 229 7.6 9.4 34.8 B55) 
442 6 40°01.5' PACER BEY 1600 30 309 753 10 84 U3 10.3 34.8 3557) 
443 6 40°34.5' Usa 2315 30 227 64.0 11 44 6.2 Ne5 34.2 34.6 
444 7 40°16.5' W22720\" 0206 30 264 107.5 12 61 6.9 6.8 34.9 34.9 
445 7 40°19.5" 72°48.0' 0524 30 362 88.9 12 48 Sea: 6.4 34.8 34.6 
446 7 40°09.5" 73°10.0' 0752 30 34 22h 10 41 5.2 5.7 34.8 35.0 
447 7 39°59.0" 77223307 1144 30 279 300.7 11 66 Woe ies, 35.5 35.6 
448 7, 39°45.0' T2234 5 1449 30 268 137.0 2) 79 lsd Use} 35.5 35.6 
449 7 39°335 52 W2c13 02 1728 30 93 921) 12 135 Tin 9) 13 35.6 a 
450 7 39°20.0' 72°20.5" 2310 30 108 8.6 13) 169 8.0 12.5 35.4 36.6 
451 8 39°26.0" UAT by 0129 30 66 6.8 15 122 7.5 About 35.4 36.5 
452 8 39°50.5" 72259).0" 1327 30 797 1326.8 9 vA Toth Gat 35.4 35.4 
453 8 39253=5" 73°06.0' 1519 30 386 446.8 9 68 6.7 7.4 34.8 a 
454 8 39°50=5" Asc 2U-0% 1751 30 326 Aleph sal 11 44 6.4 6.5 34.8 34.8 
455 8 39°47.0' 73°09.0' 1928 30 409 127.9 10 46 Pork Uosk 35.0 35.4 
456 8 39°36.5' 72°54.5' 2131 30 479 792.4 6 64 Wes} Uoe3 35.4 H55) 
457 8 39°29.0' 1225250" 2313 30 145 161.0 6 65 8.3 8.3 3555 35.8 
458 10 39°12.0° 72°28.5' 0225 30 127 50.3 18 302 90) 10.8 35a 36.2 
459 18 40°30.2' 73°46.5' 1735 30 114 ihe! 8 18 5.0 5.0 31259) 34.0 
460 18 40°34.5' 73°43.0' 2006 30 211 64.0 10 9 4.6 4.6 Blab) 3 2'15) 
461 18 40°32.1' 7323325 2244 30 209 EXS57/ 13 16 4.4 4.4 32.7, SPAT 
462 19 40°32.8" 73°27.2' 0218 30 142 Ske 13 15 4.4 4.4 33.0 32.8 
463 19 40°29.3' CECE 0312 30 150 31.8 13 25 4.3 4.3 S259) 32.9 
464 19 40°25.0' PERCE SEY 0450 30 110 eeyoak 12 27 4.3 4.4 e}ejaal 33.1 
465 19 40°24.4' 1323238) 0633 30 15 Use) 6 22 4.5 4.5 32.4 oS 
466 20 40°24.9" 7355 ale 0732 30 54 10.0 a 17 523 Boat a su21 
467 20 402193" TEE 0855 30 53 24.9 10 19 5.2 4.8 28.9 S22. 
468 20 40°17.5' 73°56.0' 1054 30 NO FISH CAUGHT 18 5.2 4.7 29/53 Sy, 
469 20 40°12.6' J3g59 30.4 1336 30 NO FISH CAUGHT 13 5.0 4.9 32.2 S57) 
470 20 40°06.5' 74°04.7' 1500 30 101 24.0 10 22 Ss 5.0 31.6 32.7 
471 21 40°02.0' 74°02.0' 1120 30 74 20/59: 8 16 Sele 5.0 32.2 shiz 
472 21 39SS 723" 73°57.0' 1306 30 25 Halse) 6 21 E55) Souk Sheets) 3106) 
473 21 39°50.0' ve a 1515 30 23 9.5 7 20 5.6 Goat S189) 32.4 
474 21 39°49.5' 74°04.8' 1717 30 95 36.7 11 8 5.4 S73. 32.0 32.0 
475 21 39°42.5' 73°57,.0" 1905 30 81 23/51 9 22 iS) Se. s453} S2eu 
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Sta. Location Start Duration Total Catch No. spp. Depth Temp. (°C) Salinity (0/oo) 
No. Date Lat. (N) Long. (W) Time (min) No. Wt. (kg) Caught (m) Surface Bottom Surface Bottom | 
476 22 39°47.5' 73°48.0' 1912 30 31 20.4 il 24 B52) Bjeik 33.2 333}55) 
477 22 40°05.5' 73°50.0' 2220 30 52 L3'52 9 24 SoS} 4.8 32.6 32.5 
478 23 40°17.8' 3a 2ST 1900 30 79 25.4 8 24 S22 4.9 33.5 333}57/ 
479 23 40°24.7' 13°34 2059 30 206 55.8 12 24 5.0 4.8 33.6 35}. 7/ 
480 23 40°35.1' W320 \s78 2340 30 196 sis} ats} 16 Dieta, 4.8 33.0 33.3 
481 24 40°32 37 73°08.4' 0201 30 54 23ieus 8 26 BS} 4.9 Somes 33.3 
482 24 40°37.2' W2OV 0344 30 55 22.2 &) 22 Bos} 4.9 33.0 33.3 
483 24 40°40.7' 72°56.9' 0521 30 39 Hes} 8 17 5.0 4.8 33.0 33.0 
484 24 40°47.7' T2237 520 0744 30 144 84.4 16 6 5.0 4.8 25}3} 33.4 
485 24 40°47.5' T2028 5 0917 30 22 10.4 10 26 Seal 4.8 B02 33.4 
Apr. 
486 1 40°28.0" 74°01.0' 1125 5} 21 33573 6 7 6.5 Bez 20.6 25.3 
487 at 40°27.0' 74°02.0' 1235 15 14 1.8 i shit ia) 6.0 20.6 25.9 
488 al 40°27.2' 74°03.4' 1315 aLG} 4 a 3 6 6.6 6.0 Ase 25.2 
489 L 40°29.0' 74°03.4' 1400 ai} 10 1.4 5 7 6.4 6.5 23.0 26.2 
490 al 40°29.6' 74°03.4' 1415 a5) 4 0.5 2 5 6.8 6.5 22.4 25.3 
491 aE 40°31.0' 74°01.0' 1450 15 5 1.8 2 5 ks ed 22.1 25.2 
492 2 40°25.0' 74°00.5' 0915 15 2 x 2 5 6.4 5.5) 20.5 20.4 
493 2 40°30.1' 74°05.0' 1030 15; 49 23583 3 6 6.5 5.8 20.4 24.2 
494 2 40°30.1' 74°06.0' wes 1 11 0.5 4 6 5s} B58} 21.2 ZaloS) 
495 2 40°30.4' 74°09.0' 1218 15 2 0.5 2 5 6.8 So83 23.0 23.1 
496 2 40°28.6' Taco” 1300 TS) 102 0.9 3 5 6.2 4.5 20.3 20.4 
497 2 40°28.6' 74°13.0' 1445 15 73 0.5 4 4 6.5 5.0 LORS 21.5 
498 7 40°33.5' 74°00.0' 1244 15 al 2 1 3) 55) 5.4 23.8 25.3 
499 7 40°33.4' 74°03.0' 1328 15 2 eS 2 9 5.3 5.0 19.3 25.7 
500 Zl 40°32.4' 74°05.2' 1406 15 57 1.4 5 5 4.7 4.5 20.3 23.0 
501 al 40°27.3' 73°46.4' 1747 30 175 33.6 10 27 5.0 B55 29.8 33.4 
502 1 40°30.0' 73S38/50" 1939 30 214 68.5 1l 16 Bye 5) 5.1 30.3 33.2 
503 1 40°31.6' 73938272 2046 30 269 49.9 13 16 5.5 5.2 29.9 33.2 
504 1 40°32.5' 1393354" 2208 30 303 91.6 12 15 552) 5.0 31.4 S57 
505 1 40°32.0' 73°26.0' 2326 30 310 50.3 12 18 See. 4.5 32.2 32.6 
506 2 40°18.5' ABST 5 0205 30 162 68.9 11 38 4.8 4.9 aisioal S3eo 
507 2 40°32.5' 73°11.0' 0500 30 274 59.4 12 24 4.8 4.7 32.4 32.8 
508 2 40°32.5' 73°07/5* 0626 30 207 100.7 9 24 5.0 4.8 32.4 32.5 
509 2 40°37.0' 73°09.0" 0750 30 126 41.7 13 13) 4.8 4.6 S25) 32.4 
510 2 40°40.0' 12259530" 0922 30 103 64.9 all 17 4.7 4.7 32.5 32.7 
511 2 40°43.5' 72°49.5' 1329 30 214 66.2 14 16 5.0 5.0 32.5 32.9 
512 2 40°45.4' 72°36.0' 1540 30 121 62.6 13 26 Sa 4.9 32.7 SAGE) 
513 2 40°32.0' 72°29.0' 2326 30 5a! 86.2 14 46 RSs} Seo ax a}s}oiL 
514 3 40°24.0' TPR 0157 30 216 she Sik 10 49 Sz 7.2 33; 33.4 
515 3 40°13.5' 72232.0! 0457 30 219 214.1 9) 57 6.3 6.1 eS nS 
516 3 40°19.0' 7225955" 0747 30 64 5 2a2 9 44 Boz 5.6 33/55) 33.4 
517 5 40°01.0' 74°02.0' 1248 30 Si) 1559 8 17 4.8 4.8 32.4 32.3 
518 5 39252-5% 74°03.5' 1446 30 112 22.2 11 16 4.8 4.8 32253 32.2 
519 5 39°54.5' TERE SS 1601 30 27 Pe AST f 10 18 4.9 4.9 SIR? 32.7 
520 5 40°00.0' TERY 1744 30 367 13.2 6 20 5.4 5.4 33.4 33.3 
Gyal 5 40°08.8' 7325520" 2108 30 175 35.8 14 18 4.6 5.0 32.1 32.8 
522 = 40°13.5' 73°48.0' 2337 30 267 87.1 20 31 5.4 5.4 SEG) 33.8 
523 6 40°15.9' 73°33.8' 0329 30 173 28.1 6 29 4.4 4.4 32.4 32.3 
524 6 40°00.0' 73°38.0' 0828 30 44 27.2 So 36 4.8 6.3 33.0 34.3 
SIs} 6 3925255" 73°29-0* 1125 30 43 62.6 11 38 5.6 6.3 33.8 34.1 
526 6 40°03.5' VERA G Cy 1426 30 41 17.7 6 46 5.4 5.4 33.0 S65 
527 6 40°08.8' 12255560 1831 30 93 106.1 ) 47 5.9 SS) =}=}57/ S135 7/ 
528 7 40°03.5' 73°24.0' 0224 30 119 127.0 7, 68 6.0 6.5 B3m 33.8 
529 7 40°14.0' 72°09.0' 0540 30 185 383.7 11 66 Sas 533 EE} 7/ 33.6 
530 7 40°09.0' 220Peoe 0822 30 58 122.0 5) 69 5.6 6.6 33.8 34.1 
531 7 39°46.4" 71°49.4' 1518 30 142 3222 12 311 7.0 8.8 34.0 35.4 
532 7 39°43.0' 72°07.0' 1912 30 48 15.4 6 112 7.4 11.8 34.3 35.6 
533 7 39°44.0' 72°14.5' 2322 30 51 las 10 104 Tied: 11.2 34.2 35.6 
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Table 2.--Continued 


Sta. Location Start Duration Total Catch No. spp. Depth Temp. (°C) Salinity (0/oo) 
No. Date Lat. (N) Long. (W) Time (min) No. Wt. (kg) Caught (m) Surface Bottom Surface Bottom 
534 8 39°47.5' 2921501 0113 30 57 By/57 8 82 6.4 10.6 34.0 Ae) 
535 8 39°45.5' 2390. 0554 30 271 225.9 aly) 75 6.7 7.4 33.9 34.1 
536 8 39°34.0' 72°20.0' 0725 30 64 8.6 4 101 Woe) Lee 34.0 B55: 
537 8 39°29.5' 2290 1015 30 117 20.4 20 366 he'd 11.8 34.2 35.7 
533 8 39°14.0' 2c 20.0) 1855 30 174 37.6 16 183 8.1 TG 34.6 2b 7/ 
539 8 39°11.5' T2°37;\08 2112 30 46 8.2 14 139 8.0 12.3 34.5 cies 
540 8 39°19.0" 72°48.5' 2323 30 70 30.8 12 79 ok} Die 34.4 34.8 
541 9 39°28.5' 722587. 5)t 0354 30 179 205.9 6 66 6.6 6.6 34.0 34.1 
542 9 39°34.1' (3.05 si0n 0540 30 92 122.0 12 47 6.5 6.5 34.0 34.0 
543 9 89°52 75" M2257 30" 1030 30 155 120.7 11 64 6.6 6.6 34.0 34.0 
544 9 39°54.5' Tealissy 1554 30 259 233).1) 12 62 6.1 6.1 34.0 33.8 
545 ) 39°46.0' P3eLOOe 1854 30 259 156.5 13 46 8.6 8.4 33.9 Z}of) 
546 10 40°26.2' UES Oy 0608 30 ake) 37.2 16 20 4.9 4.9 32.6 eV 7/ 
547 10 40°18.5' 73°49.0' 0912 30 44 14.5 9 38 4.9 6.1 32.4 34.6 
548 10 40°16.3' 73°50.8' 1054 30 NO FISH CAUGHT 26 5.0 5.0 32.5 32.5 

May 

549 5 40°28.5' 74°05.0' ses ALG} 8 1.4 4 7 11.4 10.8 21.5 21.6 
550 5 40°29.2" JASO6e Te ota 15 14 1.8 5 8 10.9 11.4 21.3 21.6 
551 5 40°30.1' 74°05.5' aa 15 13 1.4 2 7 11.5 10.4 21.2 23.0 
552 5 40°30.5' 74°09.0' a 15 5 Ofe5. 2 4 a2) 10.9 20.8 20.7 
553 6 40°29.1" 74°01.6' Ea 15 34 t2 4 5) 11.0 10.2 TOP, etl 
554 6 40°33.5' 74°00.1' ee 15 56 2.7 7 4 11.4 10.4 17.7 24.1 
555 6 40°33.6' 74°03.1' Eee 15 25 0.9 8 5 abn} 12.2 23d iS) eal 
556 6 40°32.6" 74°05.2' eat 15 72 253 LA 4 139! 11.6 dle) 55} 20.4 
557 6 40°28.5' 74°13.5' erty 15 55 4.1 7 4 15.0 14.1 14.9 IFN. 
558 6 40°28.4' 74°11.6' ex, 15 161 15.4 8 4 14.9 13/6 16.1 21.2 
559 6 40°27.5' 74°10.0' 3 als} 47 i2) 7 3} 14.5 1323) 16.3 20.4 
560 6 40°27.5' 74°04.0" mS 15 58 10.4 9 5 FSked RS 20.9 23/09) 
561 8 40°29.1' 74°03.1' es 15 47 E)SE) 8 qv 12.7 135 OSS 22.6 
562 8 40°27.6' 74°01.5' ae 15 78 14.5 5 v 12.1 13.2 20.2 21.0 
563 8 40°26.5' 74°02,1' Fats 15 127 Abed 4 5) 14.4 1253) 1199) 20.8 
564 8 40°25.2' 74°00.6' ce 15 85 Wes} 8 5 14.8 14.0 20.1 20.9 
565 5 40°28.8' 74°04.4' 1026 5) 181 18.1 11 8 11.4 10.8 21.5 21.6 
566 5 40°29.2' 74°06.2' 1111 15) 211 Liisi; 11 9 10.9 11.4 2183, 21.6 
567 5 40°29.3' 74°06.5' 1152 at} 456 76.2 13 8 11.5 10.4 21.2 23.0 
568 5 40°29.8' 73°54.0' 1350 30 1127 110.2 25 12 CE) 975) S623 B25 7/ 
569 5 40°32.0' 73°48.0' 1519 30 329 91.2 16 15 8.6 8.5 S2iy/) 32.6 
570 5) 40°34.2' T3e45.15" 1635 30 1708 198.7 22 11 9.0 8.9 S217, 32.7 
575 5 40°29.6' TERE Bea 1802 30 353 98.9 15 26 8.4 8.2 S2Ri7, 32.8 
572 5 40°28.2' (33558 2004 30 721 83.0 17 21 8.3 8.0 3259 33.0 
573 5 40°25.3' 73°44.0' 2133 30 423 69.4 12 24 8.2 6.4 3259) 33.0 
574 5 40°18.8' 73°37.0' 2308 30 445 5107. aks} 26 7.8 6.7 e\sjyal S\5}G6) 
575 6 40°15.4' 73°40.8' 0031 30 518 190.1 15 30 8.0 6.5 3373) 33.3 
576 6 40°14.0' 73°45.0' 0203 30 508 106.5 a3 50 8.4 Ga} 33.0 33.2 
577 6 40°17.8' Ueyeahb aly 0652 30 584 166.9 21 26 8.4 733} 2827 33.0 
578 6 40°11.3' 73°49.0' 0835 30 360 123.4 17 26 8.8 7.0 31.0 33.1 
579 6 40°11.5' 73°56.0' 0948 30 346 Oe 16 17 9.4 Vor 26.1 32.5 
580 6 40°22.9' 73°55 58" 1503 30 364 plier) 18 15 10.8 a5 26.9 32.9 
581 6 40°30.0' TCLS AU 1658 30 549 144.7 al, 20 8.5 19) 32.9 33.0 
582 6 40°32.5' 1329/50 1936 30 625 albeal 16 17 8.5 8.3 32.8 32.0 
583 6 40°34.0' W322 7e 2052 30 918 154.7 17 17 8.5 8.3 32.5 32.6 
584 6 40°29.3' TIVE TO 2226 30 461 214.1 18 24 7.7 Tad 32.0 32.6 
585 7 40°19.5' 13 c22..5e 0010 30 593 144.2 18 33 8.0 6.8 32.8 33/0 
586 7 40°14.8"' 73°16.5" 0210 30 326 98.9 16 39 7.8 6.1 32.7 33.4 
587 7 40°27.0' 73°06.7' 0545 30 200 92.5 17 31 7.8 7.4 32.7 S28) 
588 7 40°31.9' 73°07.4' 0705 30 407 215.4 17 24 7.6 7.6 3263 32.4 
589 7 40°36.3' J32V3 0% 0828 30 927 Ety/5e) 17 18 8.4 8.1 32.1 32.2 
530 4 40°37.0' 73°09.0' 1028 30 1087 21355 19 18 9.0 8.0 32.0 32.2 
591 di 40°34.4' 73°00.5' 1158 30 129 144.7 18 23 8.5 U5) 2p 32.6 
592 7, 40°39.5' 225931 1314 30 511 230.0 15 17 8.5 7.4 shoe) 32.0 
593 J) 40°44.9' 72°44.7' 1609 30 675 226.8 18 18 Da5) 7.6 oan? ES 

594 7 40°44.6' 72°42.2' 1800 30 630 202.8 20 25 8.5 Vow Sle?) 31.8 
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Table 2.--Continued 


Sta. Location Start Duration Total Catch No. spp. Depth Temp. (°C) Salinity (0/00) _ 
No. Date Lat. (N) Long. (W) Time (min) No. Wt. (kg) Caught (m) Surface Bottom Surface Bottom 
x 
595 7 40°41.5' 72°37.0' 1948 30 460 137.4 14 32 7.8 6.9 31.8 a 
596 G  EOLBASI, | Asn aeie 2141 30 175. 68.5 ll 43 8.5 6.0 *e 33.4 4 
597 8 40°27.0' H2e2nOn 0023 30 198 83.9 13 47 D8} 5.6 32.4 a 
598 8 40°21.7' 72°45.4' 1653 30 117 69.4 14 49 8.2 Bot 32.5 33.5 4 
599 8 0h ec eae M2E59 10) 1851 30 107 49.9 14 47 O53} 5.6 32.6 33.2 
600 8 40°01.1' 7225330" 2040 30 319 alnabsal 12 50 8.5 6.0 33.0 33.9 
601 9 40°11.5' 23 2 oye 0033 30 1065 433.6 13 62 OS) S58) 32.6 33.8 
602 9 40°16.5"' A2207:33" 0300 30 164 53.1 12 62 Uae! 5.4 233}65} 33.7 
603 9 40°03.8' 2S 0910 30 322 112.0 il 72 Vas} Si) 33.3 33.6 
604 9 39°43.8' 72°00.6' 1612 30 74 34.9 14 153 9.5 AUG S) 34.0 36.0 
605 9 39°52.5' 71°44.0' 2042 30 248 7523 19 222 8.7 10.7 33.5 3579) 
606 9 40°02.0' mess2* 2255 30 50 14.5 10 83 9.0 5.6 33.6 33.7 
607 10 B9eS S20 72°08.8' 0046 30 37 13.6 10 80 8.7 5.4 33.5 )5}57/ 
608 10 39°54.0' 72°47 .3" 0430 30 101 42.6 18 54 9.0 539) 33.5 33.7 
609 10 39°46.2' A2ZO2T Ue 0646 30 126 Sk} 12 88 8.8 5.6 33ra 33.5 
610 10 39°37.3" W222 581 0816 30 103 17.2 10 105 8.5 11.5 33.5 35.8 
611 10 39°30.4' 72°09.0' 1152 30 373 63.5 13 248 10.8 11.4 34.3 36.1 
612 10 39°24.6' 72°14.4' 1348 30 314 93R9) 15 348 10.6 9.0 34.2 35.8 
613 10 39°14.5! 72°29.4' 11932 30 74 11.3 14 155 9.6 11.5 34.1 32.0 
614 10 39°287.)55 72°43.0' 2535 30 39 15.9 7 70 92) Bod 32.6 33.7 
615 11 39°40.4' 72°46.3' 0154 30 195 93/50 is 68 99) 6.0 33.4 33.8 
616 11 39°28.1' 732056" 0540 30 217 90.7 14 65 9.5 6.2 33.3 33.8 
617 11 39°3822¢ AZCI78 1118 30 36 35.4 10 39 11.2 6.8 - S367 33.8 
618 11 39°43.0' 73°0178" 1310 30 49 25.4 13 51 Oe 2 6.2 33.3 S367 
619 alae 39°54.0' 1390725" 1500 30 644 219.5 18 70 10.9 6.5 SJs}oat 33.8 
620 11 89S 53.75 P3227 lhe 1821 30 98 50.8 14 41 11.9 6.2 -32.1 33.4 
621 11 39°54.0' A323 9/035 1952) 30 417 85.3 15 28 ala sal 6.2 31.8 33.5 
622 11 39°54.5' 73°49.0' 2125 30 443 2223. 17 27 11.4 6.3 31.3 8353) 
623 12 89252190 TERS aie 0015 30 418 146.5 18 24 11.0 6.5 31.8 S33) 
624 12 39°40.7' 74°05.4' 0233 30 301 116.6 ale], 15 LSS. 8.8 31.6 32.6 
625 12 39°47.6' 74°01.9' 0404 30 263 9122 16 17 11.0 Uo®) 3255 33.0 
626 a2 39°54.7' 74°03.4' 0528 8 332 P79. 18 18 9.4 Goal. 32.2 32.7 
627 12 40°04.0' 732200!" 1210 30 64 56.7 12 42 11.6 6.3 32.7 33/55) 
June 
628 3 40°27.6' 74°03.1' 0805 15 116 352 10 7 20.6 20.4 20.1 22 
629 2 40°27.5' 74°05 ol! 0840 15 57 735} 9 5 20.8 20.5 19.4 21.4 
630 =} 40°27.6' 74°09.1' 0930 15 37 8. 5 3 20.4 19.4 20.0 22.8 
631 3 40°28.3' 74°11.0' 0950 ES aly 1.4 6 4 20.3 19.2 21.3 24.3 
632 3 40°28.5' 74°13.0' 1025 15 2 a 2 3 Cie who 19.5 23.5 
633 3; 40°30.3' 74°09.6' ax 15 21 0.5 5 5 fated xx 22.2 25.5 
634 i) 40°29.1' 74°01.4' 0920 U5: 7 0.9 4 5 seas} 17.0 23.2 26.4 
635 9 40°375n 74°01.1' 1040 15 16 0.5 4 5 16.9 16.5 24.4 25.2 
636 9 40°32.2' 74°05.9' 1235 15 50 @)GE) 5 4 18.1 17.9 23.8 23.9 
637 2 40°31.0' TESS eh 1623 30 243 68.0 10 10 16.5 15.0 30.7 31.5 
638 2 40°31.0' 1250-174 1746 30 584 13 IPL 18 16 18.2 9.6 28.9 32ers 
639 2 40°34.0' 73239-8" LOS 30 531 106.6 16 9 als}) 13.5° <ploz/ shho'7/ 
640 2 40°27.3' 73°36.6' 2048 30 147 37.6 18 19 17.8 9.5 29.9 31.8 
641 2 40°25.0' 73°41.0' 2210 30 289 86.2 18 24 17.6 8.6 30.3 32.5 
642 2 40°22.3' 73°30.4' 2356 30 312 74.8 18 26 17.8 7.4 30.6 32.0 
643 3 40°27.0' 13935.\2" 0115 30 339 114.8 16 22 17.8 10.0 30.2 32.0 
644 3 40°32.0° 73c3os" 0239 30 1124 264.0 14 15 17.2 12.8 30.9 31.9 
645 3 40°35.1' 73°21" 0424 30 572 90.3 16 18 16.3 9.0 31.4 hl -©) 
646 3 40°36.0' T3216 te 0634 30 249 V22 69. 10 18 16.6 8.2 31.4 31.8 
647 3 40°33.0' 7322320" 0815 30 74 49.9 =) 23 att! 7.7 30.7 31.8 
648 3 40°34.0' 73°08.5' 0937 30 107 105.7 10 21 17.6 Tes 31.0 EFS 
649 3 40°37.0" 73°09.0' 1050 30 260 99.8 13 17 Sis 8.2 31.8 ras 
650 3 40°41.2" 72°56.5' 1225 30 152 136.1 17 15 16.7 8.8 31.4 32.0 
651 3 40°39.3' 2°55 ac 1344 30 204 195.0 13 25 ax ak 31.5 32.3 
652 3 40°30.5' W2c49esu 1635 30 117 SiS 10 38 16.0 7.0 31.6 32.8 
653 3 40°43.6' 72°42.7' 1826 30 717 372.9 12 25 15.9 6.6 S13 32.3 
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Sta. Location Start Duration Total Catch No. spp. Depth Temp. (°C) Salinity (0/oo) 
No. Date Lat. (N) Long. (W) Time (min) No. Wt. (kg) Caught (m) Surface Bottom Surface Bottom 
a a ES AE Dee 2 ee 
654 4 40°31.2" W2e23 cle 0346 30 177 59.0 14 46 a7) 5.4 31.7 33.0 
655 4 40°46.8' W2c38 cou 0617 30 416 117.5 18 18 1335) 11.2 31.8 32.1 
656 4 40°18.5' TIE GS 2130 30 70 28.6 7 D5) 16.5 5.4 329 33.1 
657 4 40°16.0' W2e23-5) 2238 30 69 Silats) 7 55 16.0 8.7 31.9 33.1 
658 iS} 40°23.5' 20550)" 0216 30 222 56.2 &) 41 15.0 Syavi 31.4 33.0 
659 5 40°21.0' 73°14.7' 0505 30 99 20.4 16 33 75, 6.7 ehtnab 32.6 
660 5 40°11.0' Soli ictoe 0720 30 56 15.0 14 37 16.6 6.0 31.2 33eL 
661 5} 40°03.8' Wow 0852 30 50 10.9 10 41 16.6 6.0 hb) 33-3 
662 5 S955 10% TEES SY 1055 30 329 20.0 3) 46 16.7 6.0 31.6 33°53 
663 5 89°55" 73°07.0' 1353 30 56 15.4 7 48 16.6 Baz 32.2 33.3 
664 5 39°56.1" 72°50.8" 1556 30 18 4.5 4 54 16.7 5.8 32.4 B33. 
665 5 40°01.6' 72°41.6' 1736 30 87 30.4 12 58 alfeyaak 5.6 32e3 SS are 
666 = 40°13.5' 2243351 2035 30 312 122.0 10 54 alsa) Bos} 31.8 Siejsil 
667 5 40°09.8' 72°27.8' 2237 30 183 68.0 10 57 ae y7/ Be7/ 32.0 33.2 
668 4 40°11.3' 72°13.6" 0111 30 122 48.5 10 68 15.4 5.8 =VAAT/ Delos) 
669 6 39°44.3' mes 2 so. 1247 30 135 30.4 11 264 13.8 10.0 B3a2) SE}G7/ 
670 6 39°56.2' MLSS OMS! 1618 30 149 25.4 ial 113 16.9 AJA 34.5 353 
671 6 39°54.5' WS Hao 1750 30 428 72.6 10 99 akg 56) aES7/ 34.8 <}553 
672 6 40°06.0' 7255560 1946 30 245 82.1 11 ili 14.3 12.0 32.8 33-9 
673 6 39°58.9' 72°16.4' 2206 30 205 83.0 11 77 1532 8.1 32.8 33.0 
674 vi 39°46.7' 222750 0133 30 358 Oe. 10 75 16.3 Vol 32.6 &E}G7/ 
675 7 39°36.0° 72°10.9' 0506 30 117 abec 12 125 14.8 1221 SfEIb 5) S}G7/ 
676 7 S9°3235' 72°22.0' 0723 30 29 Sia &) 210 1G} 3} 9.0 33 /t> 35.4 
677 7 39°16.0' 72°22.0' 1130 30 48 2.3 akak 225 18.8 D5) 35.4 35.7 
678 7 39°12.4' 72°40.3' 1654 30 93 aleyeal 11 127 17.4 aba B}55) 35.2 
679 7 39°2655% 72°44.2' 1857 30 201 73.0 7 74 16.8 cal 32.5 34.5 
680 8 B9S3 ase 72°47.6' 0006 30 alalg) 49.4 u 66 17.0 5.8 32.4 33/53 
681 8 39°41.3" 72°50.8' 0232 30 145 50.8 9 67 16.7 ss} Sfjorh 33.4 
682 8 39°41.1' Woe 0646 30 26 ais) sat 6 43 16.6 tlpere. splay 32.8 
683 8 39°45.2' 73°53.8" 1149 30 86 35.4 10 24 18.3 8.2 31.4 32) 
684 8 39°43.0' 74°02.0' 1318 30 98 61.7 alt 17 17.4 sal 30.2 32.4 
685 8 39°58 260 74°02.5' 1556 30 433 137.0 16 aby LHo3. 955: 29e1 32.3 
686 2 39°56.4' 73°38.5' 1915 30 120 19.5 ala 31 15.8 Wel: 31.4 3257, 
687 8 40°04.5' VEE TY 2102 30 347 WE}06) 19 24 CHS ahd 313 32.5 
688 8 40°00.5" 730540) 2235 30 Splat ale YSgal 18 21 16.4 8.4 spbgal 32.5 
689 9 40°05.3' 74°00.8' 0010 30 630 161.5 16 20 16.8 11.0 28.4 shh} 
690 S) 40°10.7' 325150 0145 30 1014 238.1 16 17 16.7 10.5 30.4 32.3 
691 @) 40°12.0' 73°49.9' 0338 30 220 104.8 15 27 16.7 8.4 31.2 32.4 
692 © 40°13.7' 73°45.8' 0527 30 296 146.1 19 63 16.2 6.4 31.3 33.0 
693 ©) 40°11.7' 73°43.9' 0706 30 410 T5759) 16 57 16.0 6.3 33/510) 31.2 
694 9 40°12.4" IZS3 70% 0837 30 299 134.7 17 71 15.6 6.0 apices} 33.2 
695 9 40°08.5" 7323025. 1116 30 73 28.1 14 38 15.9 6.6 chilsal 32.8 
696 9 40°15.6' 73°34.5' 1251 30 76 32 5y/, 11 26 iss©) 8.4 =y15} 32.4 
697 9 40°17.0' 73°38.0" 1403 30 67 29.0 15 24 16.5 8.1 30.9 splay) 
698 ) 40°18.0' 73°42.8' 1509 30 41 S3ie 11 28 16.5 8.8 31.0 32.2 
699 C) 40°15.8' 73°50-7" 1640 30 ales} 117.0 14 25 16.9 8.7 S13: 3255 
700 9 40°23.6' 32S 7h 1834 30 393 167.8 16 12 16.7 12.5 27.0 27.3 
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Table 3.--List of fishes collected in New York Bight, June 1974 to June 1975, arranged 
according to Bailey et al. (1970), including number and weight by station 
of occurrence; i.e., station number (number of fish; weight in kc). An 
asterisk (*) indicates a weight of less than 0.5 kg. 


MYXINIDAE 
Myxtne glutinosa, Atlantic hagfish 
100(8; 0.5) akonb(Glas <2" )) Aes} (Alpe Ex) 286(2; * ) 289(5; 0.5) 346) (GIs: axim) 
ANT/((Sp <2) 440(1; * ) 458(3; 0.5) 
LAMNIDAE 


Careharodon ecarecharias, white shark 
138(1; 23.6) 


SCYLIORHINIDAE 
Seyltorhinus retifer, chain dogfish 
348 (1; 0.5) 4l4(1; * ) skein. 3) 604(1; 0.5) 610(8; 2.3) 612(2; 0.5) 
670(5; 0.9) Gy7/5i (Glee xa) 6/8) (Gi o=s) 
CARCHARHINIDAE 
Mustelus canis, smooth dogfish 
19;\(557 a) 20(3; 6.8) 21537540) 23(4; 16.8) 24(10; 24.9) 
2723-450) PRs} (AO sey) 3025) 7a) 37(8; 0.9) 45(4; 11.3) 
46(2; 4.5) 47 (4; 13.2) 48(7; 14.1) 49(5; 14.1) 50(6; 13.6) 
52(8; 19.5) 5343-955) 61(9; 15.0) 65(12; 5.0) 66(5; 3.6) 
68(2; 0.9) PANG 2 L-.4) AD) (2s) 7A (Sde eS ORS) gksy(alp 262) 
79(5; 3.6) 80(4; 10.9) GHU(GLas 57) 82(3; 6.8) 83(4; 10.4) 
84(32; 73.5) 85 (43) 32):2) 88(1; 3.6) SOiCE 3 )32)) 90(1; 0.9) 
Oni (S7328'32): 92(1; 0.9) LUGS Sez) TTD 519) 118i; 36) 
120(2; 5.0) T231(3 i257), 137} (LSORe 30053) SUS 8127554 22,2)) 140(1; 1.8) 
WANE (23557145) 142(8; 17.2) 1432340) 144(10; 21.8) 145) (Siza es i2))) 
146(3; 6.4) PASI CUS 335) 150(5; 6.4) 51 (8357 74:8) GA(Gle. <3 _)) 
186(1; 1.4) LET: O59) 197(36; 85.3) 198 (21; 50.8) 199(6; 15.0) 
200(49; 123.4) 201 (215 36.7) 202(14; 44.5) 203 (34; 100.2) 204(12; 31.8) 
205(87; 268.1) 206(68; 4.5) 207 (339; 90.7) 208(10; 14.1) 209(4; 6.4) 
211(18; 54.9) 20225451) 213(24; 74.8) 214(6; 20.0) Pausy(Gbas 1054) 
216i) ws) Z232(435. VOR) 233(51; 94.3) 234(24; 60.3) 235(23; 63.0) 
236(21; 64.9) 27s (is 253) 288 (2; 0.5) 294(6; 15.0) 298(4; 13.6) 
340(1; 0.5) 583\(s" U4) 589(1; 4.1) 6:251((2'y 03-16) 626(1; 1.4) 
637 (153) 1955) 638 (6; 15.4) 689:(335 3152) 642(4; 12.7) 643(1; 1.8) 
644(5; 10.4) 645(2; 3.2) 646(12; 29.5) 647(3; 7.7) 648(4; 16.8) 
649(9; 20.4) 650(4; 5.4) 651 (El 33) 653(13; 30.4) 655(3; 3.6) 
659) (1539 92)< 77) 678(1; * ) 683(1; 2.7) 684(10; 26.8) 685(6; 12.2) 
686(2; 4.1) 6ST Clin Qe) 688 (2; 4.1) 689\(1; 2).3) 691(3; 6.4) 
693(1; 1.8) 695i(7ae2) 3) 696(3; 7.3) 697(2; 5.0) 698(4; 16.3) 
699(9; 22.7) 700(17; 30.4) 
SQUALIDAE 
Squalus acanthtas, spiny dogfish 
18(3; 14.5) 20(4; 18.6) PAL ((S}po 1b335 7) 22(1; 5.0) 
23) (Sis ai:c3)) 24(7; 24.9) 25)(8i77 3262) 27(2; 8.6) 
30(4; 13.6) 44(1; 4.1) 47(3; 13.6) 49(1; 2.3) 
50(4; 19.1) 5Si(65) 23)-eL) 52(11; 44.0) 53(8; 30.8) 
54(1; 5.0) 55i(45;. 4215) 59)((3)7) 12/32) 60(3; 12.2) 
259(121; 230.9) 260(208; 385.1) 261(154; 447.2) 262(16; 49.9) 
263(28; 85.3) 264(283; 698.5) 265(138; 410.5) 266(168; 538.0) 
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Table 3.--Continued 


Squalus acanthtas--cont. 


267(96; 248.1) 268i (MO5i%> 202/57) 


271(56; 162.8) AY OMAR 1 583) 
275(22; 50.3) 276(216; 857.3) 
2HINSS'2 a9 5i7/-D) 280(2; 5.0) 
283(6; 13.6) 284(2; 5.9) 

293 (324; 851.8) 294)(3}7) 95) 

297 (339; 900.8) 298)(3);5 7-53) 
324(3; 5.4) 326(1; 1.4) 
329(23; 58.5) 330(11; 23.6) 


333(2; 5.4) 334(4; 12.2) 
SSW/7/AILB® MOAR) 338(4; 11.8) 
342(86; 275.6) 343(38; 298.9) 
349(207; 414.1) S50i(235) i752) 
353\(3i77) 136-5) 354(25; 38.6) 
397(1; 4.1) 398(3; 8.2) 

408 (184; 213.2) 409(116; 171.9) 
414(48; 47.2) AVS (Es LOS 9)) 
421(51; 83.0) 422(197; 200.0) 


425(14; 33.6) 430(1; 3.6) 
434(3; 11.8) 435(1; 4.1) 
442(37; 16.8) 443(5; 14.5) 
446 (2; 6.4) 447(118; 249.9) 
450(3; 1.8) 451 (3; 1.4) 
454(28; 63.0) 455(51; 120.7) 
458(11; 15.9) 472(1; 3.6) 
481 (1; 3.2) 513(13; 38.6) 
518(1; 3.2) 519(3; 10.0) 
527\(23; 76-7) 528(33; 89.4) 
531(4; 3.6) DS2\(2iyZe3)) 
535(66; 152.0) 536(3; 4.5) 
542(31; 94.3) 543(39; 80.3) 
546(2; 6.8) 572(4; 14.1) 
575(20; 88.5) 576i(6%) .25)- 9) 
581 (13; 54.0) 58:2 \(Sihe7-:3) 
585\(3)7) (5/29) 586\(57 75-9) 
589)(197, 7/2/16) 590(18; 64.9) 
594(5; 15.0) 595i(2 7 95 1)) 
598(2; 6.8) SES (SE) 758))) 
GOsi(CGlR s2")) 605(7; 1.8) 
611(1; 0.9) 612i; =*") 
617(67) 21. 8) 618 (3; 5.4) 
621(1; 4.1) 622(21; 88.9) 
625(1; 4.1) 626(1; 6.4) 
©39i(7" 3/2) 640(3; 12.2) 


643(6; 23.6) 
647(5; 18.1) 


644(38; 84.4) 
648 (15; 58.5) 


653(25; 104.3) SECA: ORS») 
678(1; * ) 681(1; * ) 
691(7; 30.4) 698(1; 3.6) 
TOPRPEDINIDAE 
Torpedo nobiltana, Atlantic torpedo 
2378.6) Gul (Ay) 


269(106; 215.0) 


2h3\(29);- 69). 9) 


27T(LOU;, 492%) 


281 (11; 20)..9) 
291) (1'3)7) 3i053)) 


29/5\(490);) TS al 2)) 


SA (Pa S57) 
327(2; 4.1) 
331(7; 15.4) 


335(134; 192.8) 


340(1; 4.5) 
346(6; 11.3) 
351(29; 83.0) 
356(28; 58.5) 
406(5; 14.5) 
410(231; 88.0) 
416(131; 78.0) 


423(188; 485.8) 


432(14; 27.7) 
440(9; 7.3) 
444(38; 61.7) 


448(165; 100.7) 
452(579; 1264.2) 
456 (344; 753.0) 


473(1; 3.6) 
515(45; 146.1) 
524(3; 10.4) 


529(129; 345.6) 


533i (8i) S13) 
540(5; 10.9) 
544(56; 170.6) 
573(1; 4.1) 
S783), 153) 
583(10; 37.2) 
587(8; 31.8) 
591(27; 106.6) 
596(3; 8.2) 
601(2; 6.8) 
608(7; 4.5) 
6l'5\(25, 5-5) 
619 (25; 9.5) 
623(2; 8.6) 
627/(8 7 31.3) 
641(7; 25.9) 
645(1; 5.0) 
649(1; 4.1) 
672(7; 4.1) 
688(1; 5.4) 
699(6; 26.8) 
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270(5; 15.4) 
274(107; 363.8) 
278(102; 290.3) 
282i (U2 iz Sieels) 
292(14; 49.0) 
296(26; 73.0) 


323 (5)7, a3) 
328(35; 111.6) 
332'(77) 15.14) 


336\(355% (95)-)3)) 
341(41; 114.3) 
348(4; 4.5) 
352(110; 412.8) 
357(178; 38.6) 
407(3; 11.3) 
413(9; 10.9) 
417(3; 8.2) 

424 (302; 339.3) 
433(4; 15.0) 


441(5; 2.7) 
445(4; 5.4) 
449(2; 2.7) 


453(250; 412.8) 
457(78; 127.5) 
476(2; 7.3) 
516(4; 11.3) 
525i(3 27) 
530(42; 115.7) 
534(14; 43.1) 
541(49; 154.7) 
545(27; 70.3) 
574(3; 11.3) 
SISGky Slay) 
584(21; 77.1) 
588(19; 82.6) 
593i(; 7352) 
597(2; 2-7) 
602(4; 10.9) 
609(76; 8.2) 
616(17; 13.2) 
620(5; 15.4) 
624(8; 30.4) 
638(7; 29.5) 
642(2; 9.1) 
646(1; 5.0) 
651(26; 101.2) 
674(16; 1.8) 
690(4; 17.2) 
700(6; 28.6) 


Table 3.--Continued 


RAJIDAE 
Raja eglanterta, clearnose skate 
dlalal (as. abee)) JESKsi{(abres al ah) akaley( (hips bc) TS OlG/ize Sie) 198(3; 2.7) 205(1; 1.8) 
206i(2i893)52) 23)2: (hss 18) 


Raja eritnacea, little skate 


DEST (ELEsimO)s'5)) 251(5i75 12/23) 22)(2i71O}5,9) 28(2; 0.5) 29(2; 0.9) 
30(2; 0.9) SHa (Ol) 41(2; 0.9) 42(3; 1.4) 43(2; 0.9) 
44(5; 1.8) 45 \(Gise 3i:2) 46(9; 3.2) 54(1; 0.5) 56(11; 4.5) 
57(13; 4.5) 58537) (50)) 59(20; 6.4) 60(8; 3.2) 70(106; 50.8) 
SK (457 a= 8)) 82(86; 31.8) 83(59; 28.1) 84(12; 6.4) 85(27; 14.5) 
86(393; 125.2) 87(59; 22.7) 88(2; 0.9) 89(10; 5.0) 90\(L577 395) 
S(O Gea) 92(91; 45.8) 93(64; 14.1) 94(6; 2.7) 95115 aR ORS) 
96i(3'7 94) 98155 Oe) 104(6; 2.3) LOSS 72 7251!) 106 (14; 5.4) 
HOMS65; PLOS SA) LOSS; 15/4) TEV OK 7a 3i10)) 112(108; 32.2) IRS CA0) GR: S)58))) 
114(6; 2.3) TV5)(23'5 7; 498.54) LLCs: 7310) TEL GSIS) BS AL T/A) UVS (LS) AS) 
119(32; 10.4) 120(29; 13.6) 140(1; 0.5) 141(26; 12.7) 142(18; 10.0) 
145(48; 17.7) 146(44; 12.7) 147(23; 10.0) 148(5; 2.3) 149(27; 12.7) 
usyaL ((aby/peesa(o)e374)) 115.2)(1.25);; 747/56) 153(208; 76.2) 154(11; 4.5) 155(140; 50.8) 
156 (28; 10.9) LS THG3 Ot EOS) 158(13; 6.4) 15953) 4) 160(156; 88.0) 
161(14; 5.9) 167 (46; 12.7) 168(10; 3.6) LEO} (US it) U7 (A; ZO) 
E72) (LS 10;-9)) LSI Gis ) 174(35; 10.4) 175(116; 42.6) L7G (LS R59) 
177(27; 10.0) 178(5; 1.4) 179(3; 1.4) 198(1; 0.5) 200(8; 4.1) 
201(19; 8.6) 20255; 158) 203\(11; 5-9) 204(5; 2.7) 205(5; 4.5) 
206(5; 1.8) 207(BieL sa) 208(9; 4.1) 209)(1;) 0.5) 210(4; 2.3) 

21 (613252) 2U2 (22 045)) 213}(ULS;165\53)) 214(95; 49.4) 215(64; 42.6) 
216(45; 18.1) PALI Gls £3) 223(46; 23.1) 224(107; 35.8) 225(82; 29.0) 
226(282; 127.0) 227(105; 44.9) 228(61; 30.8) 229(101; 38.1) 230(35; 14.5) 
2311) (26;) 1050) 236 (25; 10.9) 260(9; 4.5) 261(4; 1.8) 262(3; 1.4) 
263) (145, 9757)) 264(22; 12.2) 265 (57502553) 266(17; 9.1) 267(74; 30.8) 
268 (35; 15.9) 269(9; 4.5) 270(5; 2.3) 27143) 08) 27/2 (283i ie2) 
273521" 272 2) 274(47; 20.0) 275(19; 10.0) 276(116; 53.1) 277(258; 100.7) 
278(88; 45.8) 2793537; 1653) 280(189; 60.8) 281(94; 44.9) 282(24; 11.8) 
283(44; 24.0) 284'(3);, 039) 285(6; 4.1) 291(100; 61.7) 292(123; 112.0) 
293(118; 48.5) 294(69; 30.4) 295(20; 24.5) 296(66; 29.0) 297(41; 20.0) 
298(8; 5.0) S255 a3) 322(14; 8.6) 323) (3b lGie3) 324(149; 64.9) 
S25i(15 28 2505) 326(142; 63.0) 327(134; 64.0) 328(47; 25.9) 329(12; 5.4) 
330\(346; 512220))" 6331(43)3, (22.2) 332(192; 66.2) 333:(213 7) 7/9).8)) 334(193; 79.4) 
33583); 939/50) 336(42; 23.1) SSHiCAZisee2 Scns) 338(128; 76.2) 339)(15:15; 28h 52) 
340(126; 70.8) S41 (L125 532-2) 342(808; 249.0) 343(207; 88.9) 349(51; 31.8) 
350(68; 39.5) 351 (36; 19.5) 352(1; 0.5) 353 (219 953) 354(8; 3.6) 
356(62; 24.9) 357(139)5 47370) 389(19; 8.6) 390(24; 12.7) 391(15; 723) 
392)(203, 21 53)) 393(96; 34.0) 394(41; 15.4) 395(375{ L4.1) 396(172; 56.7) 
397(174; 80.7) 3981572 752) 399(30; 8.2) 400(15; 7.3) 401(45; 26.3) 
402(5; 1.8) 403(24; 11.3) 404(165; 57.2) 405(168; 49.9) 406(116; 39.5) 
407(60; 29.5) 408(22; 12.2) 409(33; 19.1) 410(46; 24.5) 413(3; 1.8) 
414(54; 29.0) 41:5)(V115) (50-7) 416(72; 33.1) 417(8; 3.6) 421(112; 40.8) 
422(131; 61.2) 423(48; 25.4) 424(7; 4.1) 425(18; 8.6) 426(16; 5.4) 
427(66; 25.4) 428(93; 34.5) 429(90; 31.8) 430(44; 17.7) 431(52; 21.8) 
432(40; 15.4) 433(262; 75.3) 434(196; 51.7) 435(101; 33.1) 436(22; 6.8) 
A371 (54255 V7O=d)) VAa38s745" 25.9) 439(1; 0.5) 443(24; 6.4) 444(35; 14.5) 
445(21; 9.1) 446(1; 0.5) 447(1; 0.9) 452(73; 20.0) 453(11; 4.1) 
454(4; 1.8) 455(14; 7.3) 456 (175) 9-21) 457(26; 20.4) 458(3; 0.5) 
459(5; 2.3) 460(27; 13.2) 461(48; 18.1) 462(40; 14.1) 463 (33; 10.0) 
464(55; 19.1) 465(7; 4.5) 466(4; 1.8) 467(14; 6.4) 470(22; 9.1) 
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Table 3.--Continued 


Raja ertnacea--Cont. 


471(9; 

476(15; 
481 (30; 
501(4; 

506 (55; 
511 (48; 
Gilt ((Oe 

523 (63; 
528 (62; 
540 (12; 
545 (38; 
570 (63; 
575(51; 
580 (41; 
585 (198 
590 (225 
595(185 
600 (184 
607 (9; 

616(71; 
621 (238 
626 (13; 
640 (17; 
645 (7; 

650 (30; 
655 (82; 
660 (19; 
665 (41; 
671(3; 

680 (56; 
685 (40; 
690 (66; 
695 (33; 
700 (21; 


4.1) 
5.9) 
8.2) 

1.8) 
19.5) 
24.0) 

Om5)) 
15.0) 
Dilrwile) 
Yow) 
20.0) 
26.8) 
2S 3) 
14.1) 

7 68.5) 

; 69.4) 

BR VAS) 

; 64.0) 

6.8) 
37.6) 

ae O}= 3) 
6.4) 
eS) 

Ast) 
14.5) 
22) 
9.1) 
eS) 

1.8) 
24.9) 
20.0) 
DilerD)) 
a Av}) 
10.0) 


Raja garmani, rosette skate 


101 (1; 
411 (1; 
613 (1; 


0.5) 
0.5) 


EPie)) 


Raja laevis, barndoor skate 


346 (2; 


15.0) 


Raja ocellata, winter skate 


228 (1; 
326 (2; 
333 (13; 
390(8; 
397 (3; 
404(3; 


1.8) 
15.0) 
46.3) 
18.1) 
10.9) 
5.4) 


47,2)(A1 | O50) 
AiCSieeae, 
482(33; 12.7) 
502(48; 23.6) 
507 (81; 20.9) 
SUD CL9)3; (8)36)) 
518(1; 0.5) 
524(18; 5.4) 
529(28; 10.4) 
541(77; 38.6) 
546(2; 0.9) 
57 (9)3) 8/52) 
S76 (>i 25139) 
581(23; 8.6) 
586(105; 34.0) 
SOT (SD ions) 
S96\@7 334 20) 7) 
601(293; 122.0) 
608 (36; 20.4) 
617(9; 4.5) 
622(246; 83.5) 
627 (S85 Si2) 
641(73; 25.9) 
646(4; 1.8) 
659°(23)7) 48-2) 
656 (34; 15.9) 
661(14; 6.4) 
666(205; 84.4) 
672(14; 9.5) 
681(83; 41.3) 
686(17; 5.4) 
691(60; 24.0) 
696(35; 12.7) 
165(2; 0.9) 219i (ie: 
418(2; 0.9) 450 (1; 
675\(2F0 5) 676 (1; 
233 (Oy. Mee) 
SA (Abe Bos) 
ya) (ile ALS te) 
Sonk(si3. sys) 
399) (Gy) 
405(3; 10.9) 


473(8; 3.6) 
478(50; 14.5) 
483(15; 3.2) 
503 (40; 16.8) 
508(95; 36.7) 
513(46; 20.4) 
520(2; 0.9) 
SAGA BSE) 
53'0)(9/78 x40) 
542(14; 8.6) 
BYAT/NCS a h5 2) 
S22. 97) lees 3)) 
BST ACEH ab StS) 
58)2:(S2ieeledieui)) 
587 (47; 20.4) 
592(268; 50.3) 
5937 (915; 48 1) 
602(63; 23.1) 
609(5; 3.6) 
618(10; 5.4) 
623(226; 76.2) 
637(7; 3-6) 
642(68; 25.9) 
647(23; 9.1) 
652)(32) 6% )3)) 
657 (41; 17.2) 
662(9; 5-4) 
667 (136; 55.8) 
673(34; 19.1) 
682(9; 3.6) 
687 (Ol; 317.2) 
692(76; 28.1) 
6OMMC2 5" 222) 
0.5) 288 (1; 
0.5) 539) (ak; 
0.5) 678 (6; 
234(1; 6.4) 
330(1; 5-9) 
342(1; 1.8) 
392(5; 6.4) 
400 (3; 8.2) 
432(1; 6.4) 
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Es) 
0.5) 
1.8) 


474(11; 5.0) 
479(57; 20.0) 
484(55; 29.5) 
504(76; 24.5) 
509(17; 6.4) 
els (7/ SIP SK57/)) 
5218 (ire 8ie72)) 
526(6; 2.7) 
534(7; 5.0) 
543 (49; 21.3) 
568 (GS i ious) 
573(94; 40.4) 
578 (36; 13.6) 
583(94; 29.0) 
588 (82; 28.6) 
SEIS ALE G57) 
598'(9;, 5.0) 
603 (5i; 29.0) 
614(14; 9.5) 
619(198; 88.0) 
624(75; 34.0) 
638 (23; 11.8) 
643(59; 25.9) 
648 (17; 6.4) 
653(340; 146.5) 
658 (82; 32.2) 
663 (27; 11.8) 
668(77; 33.6) 
674(29; 16.8) 
683 (31; 10.4) 
688(153; 64.0) 
693)C27 3557.0) 
698(6; 1.8) 
290 (1; 
604(6; 1.4) 
680(1; * 
259) (sre ) 
3313; 10.9) 
354(1; 5.4) 
893i (Si e2is7)) 
401(10; 42.2) 
438(1; 3.6) 


475(40; 13.6) 


480(40; 12.2) 
485(5; 3.2) 
505)(7,9; 9215.3) 


510(30; 14.5) 
516(9; 4.5) 


522(41; 14.1) 
527) (127: 85/59) 
535(33; 18.6) 
544(50; 25.9) 
569(13; 6.8) 
574(55; 16.8) 
STON (2952272) 
584(170; 60.3) 
589 (336; 111.6) 
594(175; 70/3) 
599(28; 13.6) 
606(2; 1-4) 
615(80; 48.5) 
620(24; 10.9) 
625(57; 23.6) 
639(2; 0.5) 
644(19; 9.1) 
649(7; 1.8) 
654(54; 24.5) 
659; (8s se7i-e7)) 


664(8; 4.1) 
669(5; 1-8) 
679(14; 8.6) 
684(26; 12.2) 
689(103; 48.1) 
694(74; 49.9) 
699(100; 40.8) 


0.9) 
2.7) 


347 (3; 
610 (8; 


325 (6; 
332(2; 
356(1; 
395(3; 
402 (6; 
454(2; 


24.5) 
sal) 
1.4) 
59) 
20.9) 
17.2) 


Table 3.--Continued 


Raja ocellata--Ccont. 


461(1; 2.3) 462(1; 2.7) 465(1; 1.4) 480(1; 1.4) 481(1; 5.4) 
482(2; 4.1) 484(2; 7.7) 502(2; 5.9) 503(1; 2.3) 504(1; 3.6) 
SOsy(Glp 257) 506(1; 4.1) 508(1; 5.4) Blak 2o7/) 512(2; 6.4) 
513 (1; 6.8) 515(1; 5.4) Syalli((S}9° Seal) 524) (ie) SYLAR 2o7/)) 
527(1; 4.5) 545(1; 7.7) 568 (3; 13.2) 569(2; 6.8) 570(3; 9.1) 
SDs (i; 75-10) 578(1; 5.0) 5/9) 75)10) 581(1; 3.2) 582(1; 1.8) 
583(2; 5.4) 584(4; 21.8) 586(1; 3.6) 588(1; 4.1) 589(3; 6.8) 
590(1; 5.4) SOM (FE Si52) 592(8; 33.1) 5931(G);) 523/05) 594(3; 8.6) 
621(1; 1.8) 622(1; 5.4) 623(1; 5.0) 63)7/\(S)7 151539)) 639(1; 2.3) 
650(2; 5.4) 651 (52253) 665(1; 5.0) 688 (1; 0.5) 692(1; 2.3) 
693(1; 2.3) 


Raja radiata, thorny skate 


286(4; 0.9) 348) (776.28) )" -49-7(85) S258)! 538725059) Bysksi((alp, <2 7) 612(5; 0.9) 
655s! =) 
DASYATIDAE 


Dasyatis centroura, roughtail stingray 
i1s}7/(GUR S77 7))) 203\(25) 38:31) 204)(0:7 554) (2051; lain) 20.901(G1 8 154) 


ACIPENSERIDAE 
Actpenser oxyrhynchus, Atlantic sturgeon 
651(1; 5.9) 


ANGUILLIDAE 
Anguilla rostrata, American eel 
B27) (1 O55) S57 CUS *e) 


SIMENCHELYIDAE 
Simenchelys parasiticus, snubnose eel (See: Leim and Scott 1966) 
A221 (aE) 
CONGRIDAE 
Conger oceanicus, conger eel 
204(1; * ) 25.5) (iP 9) 286 (178 iAs) sfie)( (la ©) S24 (1 seexs) 3531 (11; as) 
487(1; 0.5) 558i ee) 560(1; 0.5) 57.0) (Qi; 2"9) y7/73((li Sta )) 670(2; 1.8) 
OPHICHTHIDAE 
Pisodonophis cruentifer, snake eel (See: Rosenblatt and McCosker 1970) 
S322 7s) LO4(637 *) VO6(33" * >) ES (Le es) YS2(25: X) ALG I(Le = )) 
TSB (se) 160 (4; ) a LCS (74 S20) 164 (2; ) NG Si (2's ay) Palg/ (IG = %5~)) 
Aa SY Gla 3) ) 224(7; * ) 225(30 =) 226(4; * ) D2T Assan) 228) (15) 
BON (Ee =) 293)(055 i Ao0) 325) (Aisa) S33 8i(Sira xe) 340(4; * ) SAN (Sir) 
347'(2; *) 348157 *) AVO}(U A) A20 (sas) ASI (Asiexin) 615) (ae) 
NEMICHTHY IDAE 
Nemiehthys scolopaceus, slender snipe eel 
A157 (sx) 608(1; * ) 609) (ise) 622:(5 5) 2) 


Table 3.--Continued 


CLUPEIDAE 
Alosa aestivalts, blueback herring 


23 


16(300; 2.3) 17(140; 0.9) 18(1032; 6.8) BIA R %°)) 28(7; 0.5) 

29)(5 591039) SONGLE 2) DSi (SF 177) 6 (53 089) U5 Ol(25.5s4h2) 
256(1; * ) 258 (29; 0.5) 300(6; * ) 301(5; * ) 302(1; * ) 
806:(35) =) SOS8iEE; =) Boj) (IF 9) BTSICe ss) SAW (Bred) 
S51 (9c) 318(138; 5.9) 319(264; 7.3) 320(80; 15.4) B58) @isaezm) 
359)\(19; 0.9) SEOs ex) SoWk (ime) 362) (Gliaecre), 364i ClOFm aay) 
365(41; 0.5) 366(26; 0.5) 367(22; 0.5) 368:(8); * ) Si7ls (25); mean) 
373(67; 0.5) 37426) 1) STS (HL wie ))) 376(1; * ) SUN GIA 55) 
Stsul (LS 1055) 8851(5iaitee) 386\(2)7710/5) SAAR 12%) 398)(3355 5-4) 
399)(25;;)10-'5) 400(102; 0.9) AOE (2) eats 9) AO 2's 9) AS AN (alheicem) 
484(1; * ) 488 (2; * ) 493(31; 0.9) 494(7; * ) AQEI(2;eatas) 
496(97; 0.9) 497(70; 0.5) 500 (43; 0.5) Boys} (aly. 2) By (aba: 3) 
546(13; 1.4) Be Y7/ (ala: 4.) 550i(45 mix) D5)2\ (Bie xP s) BOS(Sira te) 
554(35; * ) 55'5)(2)75 <9) 556(O;e x) Sayii(Ap, +3) Soil (Lee) 
564(10; * ) 565(9; 1.8) 566(9; 1.8) 568(8; 0.9) SMT (AN; *s ) 
S80); =*) 59 O\(Gise) Yo }S}{ (IER #2) 628i (lente) 629) (Hse +e) 
630)(L; >=) 63/2) (ssi xi) 633) (2i;e) 638)(3inee)) 641(3; 0.5) 
655(22; 1.4) 6591(7;' 0/9) 692(4; 0.5) 693)(25 57%) 9) 694(21; 4.1) 

lose medtoerts, hickory shad 
ILIA ae) 
Alosa pseudoharengus, alewife 

16(40; 0.9) 17 (328; 42.6) alge) (ie 239) AOS £25) Pabitalia. £2. )) 
28) (15; =) 48; ( es) 53(163; 4.5) Gili (Li; an) Tongsin® +2) 
23 Gi (4-ees! 5) 2462) ak) 249(1; * ) 256(9; 0.5) 20m (Bi 1O})) 
258) (Cs; eush) 2872) (i; ORS) 299(24; 0.9) 300(34; 0.9) HMoaL (AR 9) 
306(140; 1.8) 309)(U7)5 >; 9) SINK 285 1974) Buus M(KSiA ty? |) SCR 3) 
35) (475°%" 5) Shale ts, )) 320) (4555 4") SAAT. 2) 3/251 (2/7) 
826) (05; m=) 3581(23;7) (019) S6IN(Gihesew) SO2i(Ai zie) 363) (Simeam) 
364(21; 0.5) 365(20; 0.5) 366(19; 0.5) 367/)(3\-m Sa) 863) QZ Bran) 
36919) SHO (S)5 7) SVAN (OS) 37/2; (23);5 1015) 37/3i\( Sim OkD)) 
374(189; 9.5) 3775 (VadE S267) SHAS GER |?) ShP/S) (AOE 3) 383) (5s mexa) 
S84 CSIs xr) 838515) 386(1634; 15.9) 387(281; 3.2) 388(1203; 10.0) 
389(42; 5.0) 390i(23); S108) 39N4(125) 138) 392iGLO% Sier2)) SIE GLIA 258) 
394(10; 1.8) SS (7) 396(14; 2.3) SW(AR 3») 399) (122) PatOe9) 
400(213; 12.7) 401(56; 4.1) 402113 5° 7/27) 403(36; 6.8) 405(6; 0.9) 
429(3; 0.5) 430(17; 3.2) GSA (Ty eS) 433(16; 4.1) 434(20; 5.4) 
AZa\(L52 * ) 436(377; 82.6) 437i (Si7)) O)-5)) 438(4; 0.5) 440(6; 0.9) 
443(4; 1.4) 445(3; 0.9) 447(1; 0.5) 455(2; 0.9) 459(13; 1.4) 
263) (die *! 5) 466(1; * ) GNF /AL((ali39 3) )) Aiit2i(ls; as 4) NTIS} (uF. 3) 
483(2; 0.5) 484(4; 0.5) 485i(1e7s 9) 486(3; 0.9) 487(2; 0.5) 
488(1; * ) CNSY oy (abe <3.) 493(17; 0.9) 49 4i(257 4") 496 (4; * ) 
497(1; * ) 500/072") SOM! (ai; ) 10/5) 509(18; 1.8) SUOM(S a OFS) 
Sala (AS ieee 4) SUSI) 518(22; 1.4) Sas) ((F 2) ) By) (alg 3) 
524 (3; 0.5) BAI (Ap O55) S2Bi(1 a 4) 529) (iO) 542(15; 4.1) 
543 (18; 3.2) 544) (5; 9%") 5A (S578 2) BY Gl ot2 1) 55ei(O see) 
(Sy 7) Besi((Sip = )) 559i (ise) S6OK(25 ies) ESM CAR <2) 
564(6; * ) 56515-81039) 566(22; 1.4) 567 (16; 0.9) 568(64; 4.5) 
569(135; 13.6) 570(28; 1.8) SyVAN(29);7074 21s) STAM 12 23'.16) Sy/Si(2 Ovisiy eer2)) 
519/73) (0'59)) 580(15; 1.8) Gyshal((alyy 20) 583(2; 0.5) 589(4; 0.9) 
590(24; 4.5) Bene (abn <5, )) 592(30; 1.8) 593i(L9r" 26 3)) 594(21; 3.6) 


Table 3.--Continued 


Alosa pseudoharengus--Cont. 


598 (1; 
618 (1; 
638 (8; 
694(10; 


Alosa saptdisstma, American shad 


2(1; 
53 (16; 
301 (24; 
Syl (als 
319 (23; 
363 (15; 
368 (6; 
374 (56; 


388 (117; 


400 (3; 
440 (7; 
5S 5i(2); 
560 (1; 
570 (4; 
589 (8; 
611 (3; 
638 (6; 
694 (1; 


cy) 

es) 

0.9) 
1.8) 


77) 


1.4) 
O15) 


606 (2; 
624(1; 
640 (2; 


16 (7; 
54(4; 
302(1; 
314(2; 
320(70; 
364 (25; 
369 (13; 
37:51 (625 
390 (10; 
401 (5; 
Bibal(eZis 
556(8; 
564(2; 
571 (13 
590(7; 
612 (1; 
641 (1; 


a) 
x) 
*}.) 


a) 
3.6) 
xe) 


ie) 


* + + OH 
CU sees aa 
Be 


. 
LS 


+O On oe OF SO 
~uUoO-~r--rw 


Brevoortia tyrammus, Atlantic menhaden 


7d( (ibe 

14 (2; 
237 (23 
300 (6; 
315)(33 
363 (2; 
372(5; 
381 (1; 
549 (4; 
628 (1; 
633 (2; 


sa) 


Si(Glt 
16 (4; 
250\(1:; 
301 (1; 
318 (11; 
364(1; 
3731; 
382 (2; 


sh) 
0.5) 
rh) 
0.5) 
3.2) 


Ar)) 
as) 
ee), 
ah) 
0.9 


) 


Clupea harengus harengus, Atlantic herring 


7(1;3 
362 (3; 
370(1; 
376 (25 
885 (25 
401 (1; 
492(1; 
507 (1; 
554(5; 
572(1; 
578(19; 
585 (5; 
599 (2; 


A) 


14(4; 
364 (10; 
371 (13 
cele 
387 (8; 
403 (2; 
493 (1; 
509(3; 
555\(h; 
574(3; 
581 (6; 
587 (8; 
618 (4; 


0.5) 
3i12) 

0.5) 
0.5) 
1.8) 
i) 

0.5) 
0.5) 
23) 

0.5) 
1.8) 
2.3) 
1.4) 


608 (6; 0.9) 
625i Rites) 
641(2; * ) 
ak7A (ap. eS) 
25 6\((lseeaxi 4) 
306(10; * ) 
Sal5:(elt=5 4) 3) 
S58\(5i5y ise) 
365 (503) 0/35) 
SARC cs) 
37:9! (AN sXe 9), 
393i(3;515))) 
402(3;7-* ) 
542 \(03 25 148) 
SS ii (eee) 
566\(2) Fin) 
By TACs: Olas) 
591(1; 0.9) 
GTO ORS) 
642(1; * ) 
B27 ee) 
U7C3S6s0 W7ie3)) 
2561(U5;3" (0.(5) 
32:1. (25; :0)-15)) 
31:9'(1 3.) ) 
366(7; * ) 
374(246; 1.4) 
386 (27; 0.5) 
5542-8 es) 
630(1; 1.4) 
IZ FAO) 1B Yb) 
365(1; 0.5) 
373) (2 3510-5) 
IAS) (arm) 
388 (E53) 3:16) 
461 (1; * ) 
495(1; * ) 
513(5; 0.9) 
568(1; * ) 
575(6; 1.4) 
582)(2:7) 1015))) 
588 (4; 0.9) 
619(2; 0.5) 


Gulsy(aly £7 )) 
626 (4; 
650(21 


ji 
{oe} 


28) G15; cm) 
299)(6;iee) 
SHO) CR +i +) 
SHC. LP) 
S59) (25aue) 
366 (80; 
SACHA. ws .)) 
386 (48; 
3962) 
426(1; * 
SSSi(2inas 
DOG! (2a 
567(1; 0 
580(4; 0. 
592i(31') (0). 
625) (1; 4) 
650) Gis) 


9(4; 0.5) 

VSIC2siO)35)) 
258i (Hi aeaie) 
311/3"(3'71 O}2'5)) 
820/255 ep) 
2 69)(2miee) 
375 (15; 
387) (250 ey) 
555) (ia es) 
631(7; 


616(1; * ) 
627(9; 1.4) 
655(19; 1.4) 
29) (3) exam) 
300(6; * ) 
S\alo(ip 3 )) 
318(10; * ) 
SKoh((Syp 2" )) 
3677) (Gin eo) 
373(2; * ) 
Stsi7/((S}siq. (0.55) 
399(3; 0.9) 
CNEYay(kILA 7/5 7/)) 
S541 ee), 
559(6; * ) 
568(1; * ) 
588(1; 0.5) 
Ee i(abR, <2) 
626 (4; * ) 
655i((7izeexe) 
LO}CL ee) 
69(1; * ) 
299(4; 0.9) 
314(1; * ) 
322(3; 0.9) 
silks 3 )) 
379(4; * ) 
497(1; * ) 
55 61(dssm axe) 
632(1; * ) 
359(3; 0.9) 
369(1; 0.5) 
375(24; 6.4) 
388i(9) 2a 
400(4; 0.9) 
491(3; 0.9) 
506(3; 0.5) 
546 (1; * ) 
57 (OR) 
577(4; 0.9) 
584(4; 1.4) 
591 (3; 0.9) 


Table 3.--Continued 


Etrumeus teres, round herring 


SAiia) iy) LO SIG sae 9) IPA E(Ghab AS kt 0) 120/(6; * ) DUES (PAR Ss }) 
139(1484; 25.4) 140(140; 2.3) LA Qi) * ) 147 (612; 10'.9) 148 (29; 0.5) 
ILO (AOR AOE —akenl((sip “5 5)) 169(33; 0.9) 78 GIR = tres 13) ART (La) 
176(644; 25.4) USGS" ) LOM Gia 4) PIS(USS 27132)" LION 2047 19:5) 
209(1995; 25.9) 210(82; 1.4) 21MIN(28)7" (0/2/5)) 215 (43 * ) PAYS (A £2) 
228(1060; 24.0) 229(1; * ) 259(98; 1.8) 268iGiaix) ZEO (M2 es) 
ZHOM2ZUST 3 SiO t)! | ZTGC2i 18) 27S 3132 10S) 279(26; * ) XN (AR 3) 
298 (8; * ) S245 * >) 329) (NS i; eee) SSA (ib a tt 0) 

ENGRAULIDAE 

Anchoa hepsetus, striped anchovy 

Alsiey (Ly 37») 822)(e es) SB 2i(2ir00 >) SSSI (LOR ae) 390(2; * ) 566i(2)7eam) 
580(92; 0.5) 


Anchoa mitchtllt, bay anchovy 


(Lae) akal (al) £99) LAi(iso ek) 16(104; 0.5) 
17 (2080; 9.1) US (ATS 23) (6.38) 6792) 233) G7i((ks str }) 
68i@kes 4) VER s, )) HAS (as aXe) T(z) Xia) 
HOE se) 78(164; 0.9) 79(840; 3.2) OD) (ainsi xan) 
WS} (ARS tI) 2 Ai (35 mexee) NGPXSY (Sets) 28 (Gis; 10S) 
183 O} (W735) TLSHIL (ASI oe) i333 i (Glee ear) 13'61(9 8) 5 iOk)5)) 
US OIGsE ax») alts}7) ((alsy® "@)sis))) EBBiIG2ZI x) 184(592; 2.3) 
TURSKS) (al it3 9)) 187 (192; 1.4) 188 (980; 6.4) 189 (1428; 4.1) 
190(228; 1.4) 191(17; * ) 192(144; * ) 193(44; * ) 
194(1768; 7.7) QUA 2%) 215(10920; 33.6) PIS 215i xe 8) 
239(4680; 1.4) 256(2046; 10.0) 258 (15364; 20.9) 272(1367-°*) ) 
213 (USA; 1s.) PRE (Si. tet 0) 298(5088; 10.9) ZOOMSi = sy) 
302;(26;) *") 3OSh(4; ax 5) Oia; ees: ») SOSi(S)atay) 
309(22; * ) SLOU2ZBi5 * \) SHIA X07) STAN Iban) 
SU5iG20)3) -* >) 316(4; * ) SATA (Qi) ST1i8i(S O05 BORIS) 
319(30; 0.5) 320)(208)%, (0/55) S31) SID Si (Sine 37 4) 
326:(387)>%) ) S5Si(i x s) 499)\(1'; * ) 570(890; 9.1) 
5SWa(O)stanee |) Byshe (Chats: ) (ey lal alia” a) 689i (lS) aex), 
HOOK * ) 
Engraults eurystole, silver anchovy 
P251( 27.5 *9)) TA OMG Amex) 147 (369; 5.0) 148 (1; * ) 
L50\(555; 628) SN Giza) LOSS 25 y Oj/5) 196(30307; 41.7) 
198 (396; 4.1) 209(27; 0.5) 210) (77523 308) Palla (G53, 4") 
2UA(O8i-) 15./8)) ZAI Sey ase.) ZB(SiZiss AlAs) 238(504; 1.4) 
240(280; * ) 241\(12;) *)) 245(480; * ) 24625; * ») 
247 (Lo; *~) 248 (23; **) ZASi (SOs *%) PANO) (SH ts D) 
251(64; * ) 2521(20)0e x) 2 Sh (ll Ole Xie) 2571 (5:2 0 Ohad. S)) 
25927 a= |) 260i(Siimtm) 270\(344; 3:6) Exaisy((ab st *))} 
568 (788; 2.3) 
ARGENTINIDAE 
Argentina silus, Atlantic argentine 

36)(1s 5%) ) Tay (ALS Ae 0) {2)) SAMs Oy) 348(9; * ) Si (en) 
5387) 5s)”) 5SOl(A ese) 604(7; * ) 605(4; * ) ElSi(Sisy), 
676(4; * ) (ay T/C <4 )) 


25 


Table 3.--Continued : 


GONOS TOMATIDAE 
Gonostoma elongatum, longtooth anglemouth (See: Leim and Scott 1966) 
99(13; * ) 289(2; * ) A2OiC2i aie) 45 8i(2)7, 279) 


Maurolicus muellert, Muller's pearlsides (See: Leim and Scott 1966) 


Mesi(25 x2.) 449(9; * ) yske}((ile 29) 605(20; * ) 
CHAULIODONTI DAE 
Chaulitodus sloant, viperfish (See: Leim and Scott 1966) 
OE) (ily t2)) 
SYNODONTIDAE 
Synodus foetens, inshore lizardfish 
aiisys) (GES =3 9) 2081(33) * ) 209(1; * ) 25 (Arex) 23)2)\(3)7)) x52) 23)8) (ia) 
QB; (iss -*) 9) DIA (irax =) 298)(2i7 ak); 329(1; * ) 33/5) (15 eee) 3.52) (as; axa) 
SH (GER tt =) 
Synodus sp. 
268 (dis) *) ISGP: 5) 2i//5\ (Ai; zee) 
Trachtnocephalus myops, snakefish 
199:(3; * ) 212(8; * ) 2OW (1G ee) 262)\(27 sep) QOS EX 9) PAX CILR: s )) 
PAIS GLP 30) 
CHLOROPHTHALMI DAE 
Chlorophthalmus agasstzt, shortnose greeneye 
361 (/izuex)) 3'9:(3725)) OOD ses) ESky) 164(33; 0.5) 
208i sexe) 22T(U267510-9) 2ZEO( 25) PRIN CAG 12) 420\(7i;9 =) 
441(1; * ) 449(1; * ) 458(3; * ) 5315 (9; =) 538(6; * ) 
539) (is exe) 604(1; * ) 605(3; * ) (Slab abs} es ca 9) 669(1; * ) 
676(2; * ) 677(7; * ) 
MYCTOPHIDAE 
Myctophid, unidentifiable to genus 
SR )) 36:(25% >) 89) (270; mee) Cie r2/_)) 164(42; * ) 
2185 2'3110/25) 221(128; * ) 344 (4; 0.5) SAT a2 eee) 420(4; * ) 
440(23; * ) 441(10; * ) 450(11; * ) 451(20; * ) 531 (sae) 
53 7/5(055 ee) 539)(is) *e) (sy 3 GLI) 
STERNOPTYCHIDAE 
Argyropelecus aculeatus, Atlantic silver hatchfish (See: Leim and Scott 1966) 
B39)(4s. >) 100(4; * ) 22H (Mish Xm) 289)(350x*) 441(1; * ) 458(1; * ) 
LOPHIDAE 
Lophius americanus, goosefish 
OI (S723 )a19) 2011332) PAL GLE 5 7/)) 22K 2h ew) PEAR Bat) 
271i (Ls ORO) 28\(3)3; 24755) PAS) P33 ALA T/)) 30(1; 1.8) saialy ala 2) 
3/21((2'3) 158) 34(1; 0.9) 38(1; 6.4) 39133" 82) 47(1; 3.6) 
48(2; 11.8) 50) ((2'5) i 3)) 54\(87 51455) 56(3; 8.6) 57) (105) 
58(1; 3.6) 59(2; 0.9) 60(1; 0.5) 86(4; 4.1) 87 (6; 15.0) 
94(3; 4.1) 95s 1257.) SXa(Ghy X0)5)) 99(12; 28.1) 100(3; 4.1) 
HOW (2)5. 253) 1021; 8-2) 104(2; 1.8) 105(5; 1.4) 107 (1; 1.4) 
TVA GIBS Wst/)) 114(1; 5.0) UES (377 2 2)53)) 116(2; 9.1) aaa {0)5'5))) 
26 


Table 3.--Continued 


Lophtus amertcamms--Cont. 


US 21S; 
158 (2; 
164(9; 
178 (1; 
219(1; 
224 (7; 
2308 ahs 
265 (1; 
274(2; 
281 (4; 
287 (1; 
292(6; 
322 (2; 
329(1; 
334(3; 
340 (25; 
347 (1; 
354 (2; 
395 (1; 
402 (1; 
408 (2; 
415(3; 
422 (8; 
430(1; 
440 (2; 
445 (2; 
452(1; 
478 (1; 
ailA((alr 
Bik (2p 
537 (4; 
546(1; 
572(2; 
578 (4; 
583 (2; 
588 (2; 
594 (1; 
599 (1; 
605 (5; 
611(1; 
617 (1; 
623 (4; 
640(1; 
645 (3; 
650 (6; 
655 (2; 
661 (2; 
668 (5; 
673 (13; 
679 (4; 
684 (2; 
691 (2; 
696 (2; 


36.3) 
0.9) 
0.5) 
0.5) 
5.0) 
lisa) 
955) 
3) 
18.6) 
10.4) 
5.0) 
N7RS¢7)) 
21.8) 
USD) 
14.5) 

44.9) 
0.5) 
29.0) 
1.4) 
9.1) 
Tot) 
7.3) 
10.4) 
OFS) 
2.7) 
4.1) 
1.8) 
6.8) 
4) 
6.4) 
11.3) 
1.8) 
10.9) 
30.8) 
1.8) 
tO E15) 
113) 
eS) 
27.2) 
4.1) 
3.2) 
24.0) 
5.4) 
32) 
42.2) 
18.1) 
0.9) 
8.6) 

33.6) 
a3) 
10.0) 
8.6) 
10.4) 


M53) (6; 
160 (11; 
165 (1; 
210(1; 
220(2; 
225 (4; 
259 (1; 
266(1; 
277 (2; 
282 (1; 
288 (2; 
294 (1; 
3)231(3):: 
330(2; 
336(4; 
342 (3; 
348 (1; 
3915(1; 
396 (4; 
403 (1; 
410(4; 
416 (8; 
424(20; 
432(1; 
441 (2; 
446 (3; 
453 (1; 
504(2; 
522i 
53/21(a; 
538 (3; 
568 (4; 
Sy /Al((2i 
579i (els 
584 (2; 
589 (9; 
595 (3; 
601 (6; 
606 (3; 
612 (8; 
618 (2; 
624 (1; 
641 (4; 
646 (3; 
651(5; 
657 (3; 
662 (1; 
669 (2; 
674(6; 
680 (5; 
685 (4; 
692 (18; 
697 (1; 


Zia) 
36.7) 
3.6) 
13.6) 
4.5) 
7.3) 
8.2) 
4.1) 
alsyeab)) 
1.8) 
2.3) 
Tat) 
34.9) 
529) 
15.0) 
O55) 
0.9) 
14.1) 
9.1) 
10.9) 
8.2) 
15.4) 
37.6) 
6.8) 
18.1) 
ed) 
1.8) 
30.4) 
59) 
253) 
18.1) 
31.8) 
6.4) 
10.4) 
16.8) 
100.7) 
4.5) 
23.6) 
6.4) 
37.6) 
2.7) 
13.6) 
13.6) 
16.8) 
22.7) 
9.5) 
so4) 
5.4) 
135 72)) 
10.4) 
20.4) 
2.7) 
5.4) 


LSAT 4)) 
MEM (2 Hei) 
166(1; 1.8) 
215(1; 6.4) 
221: (83; 97/5) 
226(6; 15.0) 
260(2; 19.1) 
PRG ALA Gala al4k 15))) 
278)(2; -16).3) 
283(2; 6.8) 

289(8; 5.9) 

296(2; 1.4) 
3251( 275 120%)3)) 
331(6; 38.1) 
337(6; 8.6) 
343 (46; 
S49 ea*i) 

392) (Sisk) 
397(2; 13.6) 
404(1; 4.5) 
411(8; 5.9) 
417(4; 9.5) 
425(2; 2.7) 
433(3; 9.5) 
442(5; 14.1) 
447(4; 5.4) 
455(2; 3.6) 
505%; 57510) 
By (IL 35 7/)) 
533)(3i7) 475) 
540(1; 1.4) 
569(3; 24.0) 
5752; 1.4) 
580)/(GE= Ov9)) 
585i(25) 9545) 
S90\( 41) 
596(1; 0.9) 
602) (ex) 

607 (1; 
(als) (GbR 3) )) 

GHAR 256) 
625(2; 20.0) 
642(1; 8.2) 
647 (2; 
652(5; 20.4) 
658(1; 10.0) 


663(1; 0.5) 
670(1; 10.0) 
(S/S Gb 4h al) 
681(2; 2.7) 
688(2; 8.2) 
693:\(55 35).4) 
698(1; 7.7) 
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50.8) 


155 (2; 
162 (6; 
167 (6; 
217 (8; 
222(1; 
227 (1; 
261 (1; 
27 AL; 
279(3; 
285i(Si 
290 (7; 
298 (2; 
3265; 
3132112); 
338 (27; 
344 (4; 
3501(L; 
393 (1; 
398 (4; 
405 (3; 
413 (2; 
420(9; 
427 (2; 
434(1; 
443 (1; 
448 (1; 
458 (10; 
SOs 
528 (3; 
534(4; 
54213); 
570(2; 
576(7; 
yet b(n 
586 (2; 
592)(4; 
597 (3; 
603 (10; 
608 (4; 
615 (5; 
621(1; 
626 (2; 
643 (7; 
648 (2; 
653 (2; 
659(1; 
666 (10; 
671(2; 
676 (1; 
682 (2; 
689 (3; 
694 (4; 
699 (2; 


1.8) 
20.0) 
5.4) 
20.0) 
1.8) 
Aas) 
wo) 
11.8) 
25.4) 
132) 
Ao) 
16.3) 
30.4) 
100.2) 
39.5) 
5.0) 
x) 
0.9) 
13Y52)) 
18.1) 
203) 
6.8) 
11.8) 
a) 
3.2) 
0.9) 
10.9) 
s))) 
3.2) 
5.4) 
4.5) 
6.4) 
18.1) 
15.4) 
4.5) 
44.9) 
6.8) 
11.8) 
3.6) 
10.4) 
=) 
18.6) 
21.8) 
Vol) 
2h) 
0.9) 
26.8) 
1.8) 
0.5) 
13.6) 
18.6) 
34.0) 
8.2) 


ab57/ (ale 
163 (2; 
7/5) (is 
218(1; 
223 (3; 
228(16; 
262 (2; 
27S els; 
280 (5; 
286(17; 
291(4; 
318 (1; 
327 (7; 
333)(827 
339(12; 
346 (18; 
3/5312) 
394 (2; 
401 (1; 
407 (3; 
414(5; 
421 (1; 
428 (2; 
437 (8; 
444 (1; 
450(1; 
467 (1; 
510(1; 
529\(2; 
53 S102 
545 (4; 
BA (Sp 
BH (Sn 
582(1; 
587 (1; 
593 (1; 
593 (2; 
604 (4; 
609 (6; 
616(5; 
622(1; 
638 (1; 
644 (2; 
649 (2; 
654 (1; 
660 (2; 
667 (4; 
672 (3; 
678 (3; 
683 (2; 
690(1; 
695(1; 
700(1; 


5.0) 
0.9) 
i) 
Uot)) 
23) 
25.9) 
Zea) 
4.5) 
4.1) 
29.0) 
6.8) 
10.4) 
76.7) 
243.6) 
22.7) 
24.5) 
10.9) 
8.6) 
ASP) 
5.0) 
9135) 
0.9) 
1372) 
O75) 
1.4) 
1.4) 
10.9) 
@)cab) 
3.6) 
Bi2))) 
15.4) 
26.3) 
48.1) 
352) 
1.4) 
8.6) 
5.0) 
21k) 
Vo) 
8.2) 
9.5) 
5.4) 
11.3) 
15.4) 
quIN3)) 
2.7) 
8.6) 
1.4) 
6.4) 
14.1) 
5.0) 
7.3) 
15.4) 


Table 3.--Continued 


OGCOCEPHALIDAE 

Dibranehus atlanticus, Atlantic batfish (See: Leim and Scott 1966) 

SE\(7R < )) aol (AR. 228) 164(4; * ) 289\(ai ae) 290(1; * ) 420(2; * ) 
AS Si (axes) 121 (27 >i) 

GADIDAE 

Enchelyopus ctmbritus, fourbeard rockling 

SS (Gp eco) GSi(2R tee) NGA (2x9) al7/Sy(ba 3°) IL TA\(GlG £2 )) 228) (5a) 
289 i(aliz ns, 9) 296)(97) 0)-'5)) 346\(1i5" *>) 576(4; 0.5) 6112\(2; *-) 667 (1; * ) 
693) (Tia =) 

Gadus morhua, Atlantic cod 
324(3; 18.1) SYR salaleys)) 330(1; 1.8) 33052755 eS) 334(1; 3.6) 
SS 7K (e915) SB 4k (S56 Aw) 352\(7'3; 30/8) 3531(2; 87s) 354(2; 5.4) 
356(5; 13.6) 390(2; 4.5) 3921(35> 8)a2) 392)(8 35 U9 ei) 393(4; 11.8) 
394(2; 5.4) 395)(255 (52:9) S9G6i( Fiz 22/52) 397(9; 32.2) 398 (3; 14.5) 
5399) (ET S27!) 400)(1;52 223) 401(9; 34.5) 402(9; 27.7) 403(6; 20.4) 
404(3; 10.9) 405(4; 14.1) 406(1; 4.5) 425) (D455) 426(1; 3.6) 
AZIM 26 S12) 430(3; 10.9) 431(3; 10.0) 432(2; 5.0) 433(2; 5.4) 
434(5; 14.1) AS5i (sh 2257) AS Gis yeesr6)) A377) (Giselwss)) 443(1; 15.0) 
445(1; 4.1) 446(2; 5.9) A59\(25) 852) 460(4; 14.5) 461(1; 5.4) 
462(2; 7.3) 463 (1; 5.0) 464(2; 5.4) 474(3; 18.1) 475(1; 4.5) 
476(1; 5.9) 477(1; 5.4) 479(4; 14.1) 480(3; 8.6) 481(1; 2.3) 
48)2:(155 3233) 484(13; 41.3) 485\(179 3/42) 502(4; 10.0) 503)(4'377/253)) 
504 (1; 2.3) 506(4; 8.2) SOT 2.13)) 508(4; 10.0) 510(4; 20.4) 
bh (79 7/5 7/)) 5322)(8 5) Weel) SS (S95eao>) 5119) (T7 157-19) 521(2; 8.6) 
522(1; 6.8) 525(4; 24.9) 5 27a i554) 546(4; 6.4) S72) (Zi S49) 
SBS) (lee 12'S) 586(1; 3.6) SS LO pe 9) 588(2; 5.0) 591(1; 6.8) 
5941( 23. i*) )) 595(1;) 6.4) 598(1; * ) 600(2; 10.0) 602(1; 4.5) 
GG (ise ee) 623\(1-8 5-4) 652(2; * ) 654(1; *:) 655(1; 1.8) 
659\(2557*) 9) 6G60\(255 2) 6618(2)31 2) 665)(275% >) 687(2; * ) 

Melanogrammus aeglefinus, haddock 

98\(1; * ) SOM (AES Xe 4) 

Merluecitus albidus, offshore hake (See: Leim and Scott 1966) 

SWAG ea) 391(22) 0/5) 99(58; 23.6) VOO)(U7ie) 2713) LOSI yaxay) 
163(81; 10.4) 164(85; 12.2) V67(4250 058) 2ZILS)\( U4 23) 2US'(3:25 i) 
221(70; 10.9) 286(157; 39.5) 288 (4; 0.9) 289(58; 10.9) 344(91; 23.1) 
346(8; 3.2) 347(13; 0.9) 412(17; 2.7) 420(37; 10.0) 441(5; 4.1) 
450(4; 0.9) 451(4; 0.9) 458(7; 1.4) 5314(2937 22) 537(14; 3.2) 
538(9; 2.7) 57.1'(2's3 0.9) 605(14; 5.0) 611(300; 53.1) 612(99; 39.9) 
6USi(L5. *) 669(22; 8.2) 67 2L55 U4) 676(9; 1.4) 677 (1; * ) 

Merlucctus bilinearis, silver hake 

U7i(69);> Si2) WON 5763) (12-2) 20(462; 9.5) 21(280; 6.4) 

22455 =") 241(25;- 0.5) 28 (397; 5.0) 29(754; 15.9) 

30(2; 0.5) 31 (75.1.4) 32(8; 3.2) 34(2; 0.9) 

36\(25 * ) 37(5; 0.9) 39(6; 1.4) 41(7; 1.8) 

42(5; 0.5) AS(S;* 5) 44(6; * ) 45 (43; 0.5) 

46(68; 1.4) ATI(ASH* ') 48(79; 0.9) 49(19; 0.9) 

502; * ) 51 (Se*") 52(41; 1.4) 53(76; 1.4) 

54(15; 1.4) 55) (dias ==) )) Sa (Si7) 25) 58 (30; 0.5) 

59(4; 0.5) 60(17; 0.5) 80(11; 0.5) 83) (2a) 
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Table 3.--Continued 


Merlueetus bilinearts--Cont. 


84(2; * ) 87(16; 5.4) 9035 a xi) 921 (ee) 

S31 (Cle =) 94(24; 3.6) O5i Gis Oso} 96(5; 0.5) 

Ci; (Qlp. &%)) 98(11; 1.4) 104(2; 0.5) 105(5; 0.9) 
LOG(S7 020) MOM (2s sal51 a) alfoyey((alprs ft 9) akabab (ale 2) 
112(132; 6.4) LeS (LS ianOr9)) 116(8; 0.5) AAs (al <a>) 
SIGs ORS) 120(14; 0.5) 141(9; * ) Nd ite} ed) 
ieeh(L gy £35) 144(12; * ) 145(10; * ) TAO} (2 ee) 
ALS{o}(abae 552) 152(6; 0.5) ILS yS} (SF OES) 55) (4 eee) 
157(31; 1.4) 158(4; 0.9) 159}(2); 10-5) 160(19; 1.4) 
NGM (G's) 9% 5) HG2(25)70 es) 166(1; 0.5) G8! (Zien) 
174(7; 0.5) 175(468; 20.4) ALIKE (AR: Sa) 9) ALAS AR. =) 
179(37; 1.4) 180,(116; *)) IAG +4) ILS e(Ap t3*)) 
200)(2; |*.) 2018 (23)7aexan) 202i Sine) 203(67axm) 
204(27; * ) 206\(35; 3* ) PADUA 20) 208(4; * ) 
209(98; 0.5) ZO) 212(608; 1.8) 214(10; * ) 
2U5i(243)752i3)) 2UG6 (5) 21 GLO zee) 223) (Sis Oln5) 
224(7; 1.4) 225) (Siren) 226(4; 0.9) PPI 3) 
228 (1907; 110.7) 229\ C115; 2 O).15)) 23. 0i(15; Bee) 232) (isaaea) 
23851 0ba =) 234(33; 0.5) 259(44; 1.8) 260(219; 1.4) 
2618 (205; <™) 262(51; 0.5) 2631(98ia* m) 264(21; * ) 
265)\(16; E*~) 266)(27* >) 27.0) (13) eaeae) 27525004) 
272(234; 1.4) 2731 (CLT2 Fe * {)) 274(184; * ) A/a \(eas: 35) 
AYR 29) BUIGS8 i) ATE B &-1") 279(4; * ) 
280(4; 0.9) 285 Cex) 282(10; 1.4) 283(8; 1.8) 
284(5; 0.5) 285(5; 0.5) 29 0i(257:5 90159) 292) (7; MS) 
293\(6aaee) 2IAN(Si7aae ee) 295\G15ee my) 296(8; 2.3) 
DOTA 2 eax.) 298) (5i-aese) 299)\(1L45) >") 300,(10)5 >") 
3.015 (25 25) 303) (limes s)) SOSi(27 a=) 306 (46; * ) 
BOSi(Si =a) SHON ER - £9) SWE (ix) SHAG. £2) 
SGI GLO ZR =) shibg/(Glp <&2)) SUSi(2ii xs) 31'9\(415-ae* )) 
820)(S)i= =) 3214(299); Ske) 322(148; 1.8) 323(85; 1.4) 
324(28; 0.9) 325 (2770;)) 25.3) S26)(Bijae) 327: (S8i05) 
32.9) (G15 2'53)) 8330/3077 52) 331 (25777! 415) 33/2/(28)- 10/35) 
3932972) 334(28; 0.9) 335/278) B\ei(ala. &?)) 
338(3; 0.5) 340(4; 0.9) 341(3; 0.9) 342(2; * ) 
349(2; 0.5) S5O0iCL ee) 352(8; 1.4) 353(4; 0.9) 
B54) (Sixes) 356(5; 0.5) 359) (i ex) 3615 (95 9O%5)) 
3.62) (isa* ss) S7/IL(AR ety) SHAt(S i, xe) SPS)Clp. ©) 
S{SiS} (GL £2) 386(15; 0.5) S38 71(28 0%") 388) (S/7eete) 
389(34; 7.7) 390(34; 6.8) 391 (58; 10.0) 392(80; 5.4) 
393(77; 3.2) 394'(99 - angie?) 395(55; 6.4) 396(95; 10.4) 
397(42; 4.1) 398\(715) 5:0) SSIS Grp pi Sisas) 400(125; 14.1) 
401(198; 21.3) 402(138; 5.4) 403(72; 2.7) 404(79; 14.5) 
405(42; 3.2) 406(182; 5.0) 407 (4; 0.9) 408(1; 0.5) 
409(9; 1.8) 410(15; 2.7) 411(6; 1.4) 413(18; 5.4) 
414(7; 1.4) 415(36; 12.7) 416(18; 5.0) ALT (LT 2S) 
A20\(35).* )) 421(6; 1.8) 422\(3i1is es) 423(5; 2.3) 
424(71; 19.1) 426(22; 3.2) 427(91; 3.6) 428 (33; 3.6) 
429(30; 4.5) 430(72; 10.0) 431(59; 8.6) 432(46; 12.7) 
433(134; 10.0) 434(113; 11.3) 435(101; 13.2) 436(43; 14.5) 
4371)(91'; 19.5) 438(37; 9.5) 439(11; 2.7) 440(122; 29.5) 
441 (110; 29.5) 442(108; 20.0) 443(159; 15.0) 444(51; 7.7) 
445 (303; 54.9) 446(13; 1.8) 447 (33; 10.9) 448 (56; 14.1) 
449(2; 0.5) 450(6; 1.4) CNyl (aL 20) 452(85; 19.1) 
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Merlucetus bilinearis--Cont. 


453(79; 16.3) 454(277; 43.5) 455(177; 41.7) 456(100; 24.5) 
457 (33; 12.7) 458 (9; 3.6) 459(44; 10.0) 460(127; 25.9) 
461(5; 0.9) A62) (5 ea) 463(17; 2.3) 464(6; 2.7) 
465(4; 0.5) 466(13; 3.6) 467(12; 2.3) 470(24; 6.4) 
471(34; 10.0) AT Zils) EX) 473(6; 0.9) 474(16; 3.6) 
475(6; 1.4) 476(2; 0.5) 477(3; 0.5) GNIS} (ab -&3°_)) 
479(16; 2.3) 480(5; 2.7) 481(8; 0.9) 482(2; * ) 
ASSi(S 5s) 484(2; 0.5) 485(5; 0.9) 486(6; 1.8) 
ORSHT/{(b. i) 488(1; * ) 489(3; 0.9) AQOI(5 mata) 
501(26; 8.6) 502(21; 4.1) 503(43; 8.6) 504(37; 11.3) 
5OSi(1L9;; =253) 506(17; 5.4) 507(13; 1.8) 508(7; 0.5) 
509(2; 0.5) SHOiG aes) 511 (2; 0.9) 5112) (A973 O15) 
5113 (L539 223) SL6i(Sizn =) 5197/25 2OR 5) 5S) (ise) 
5U|(5) (O)-.5)) 521(17; 1.4) 522(55; 18.6) 523(7; 1.4) 
524(3; 0.5) 525\(S)74 5) 526(2; 1.4) 527(36; 8.2) 
528(8; 3.2) 529(4; 0.5) 530(2; 0.5) 531(26; 6.4) 
5331(25" 10%)5) Sey GLA") 535\(3'2;7) $al8eas) 538(12; 2.3) 
539(2; 0.5) 540(12; 3.2) 541 (38; 8.2) 542(1; 1.8) 
543(24; 6.4) 544(25; 7.7) 545(99; 34.9) 546(4; 0.9) 
547.(7;, 7.7) 550(5; 1.4) SSM (se) 555i (sux) 
556i ex) S576 8) 558(33; 6.8) 5591(4 5m) 
S60i(1O7 257) 561')(85) 2.3) 562(12; 3.2) 563)(6742533)) 
564(2; * ) 565 (tis 4) 566(17; 3.6) 567 (121; 29/55) 
568(14; 2.7) 569(28; 3.6) 570(187; 28.1) 571(93; 13.6) 
572(16; 6.8) S737 U8) 574(6; 1.4) 575 (Size Ol) 
576(14; 2.7) 577(10; 1.4) 578(16; 5.0) 579(29; 6.4) 
580(41; 8.2) 581(328; 28.1) 582(169; 26.8) 583(168; 15.4) 
584(31; 6.8) 585(21; 1.8) 586(4; 0.9) 587(12; 0.9) 
588(53; 6.8) 58953 sas) 590(190; 33.1) 591(24; 4.5) 
592(59; 54.0) 593 (334; 70.8) 594)(175 736.3) 595\(585) 2irs2)) 
596 (6; 1.8) 597(10; 3.2) 598(10; 2.3) 599(16; 3.6) 
600(37; 10.4) 601(21; 4.1) 602(16; 4.1) 603 (23; 6.4) 
604(13; 4.5) 605(81; 15.4) 606(6; 1.4) 607(5; 1.4) 
608(16; 4.1) 609(17; 8.6) 610(21; 4.5) 613(6; 0.9) 
614(7; 3.2) 615(21; 4.5) 616(36; 7.3) 618(8; 3.2) 
619(35; 9.1) 620(10; 2.7) 621(34; 0.5) 622(36; 7.3) 
623\(1 152-3) 624(3; 1.4) 625(23; 1.4) 626(69; 24.5) 
627 (3; 1.4) 638i(2 sexe) 640(29; 0.5) 641(25; 1.8) 
642(32; * ) GA3iC2sm ern) 6451(29)77 +) 646)(Si x) 
648(1; * ) 649(36; 0.9) 650(26; * ) 651(50; 0.9) 
652'(4;) *)) 653)(17.95 2757) 654(6; 0.5) 655(23; 1.8) 
656(5; 0.5) 657 (3; 0.5) 659(21; 0.5) 660)( 25x) 
661(4; * ) 663(5; 0.5) 664(5; 0.5) 665(5; 0.9) 
666(2; 0.5) 667(4; 0.5) 668(4; 0.5) 669(5; 0.9) 
670(4; 0.5) E7307 951) 672(16; 4.1) 673(5; 1.4) 
674(9; 2.7) 675(1; 0.5) 678(6; 1.8) 679(12; 2.7) 
680(11; 3.2) 681(8; 1.8) 682(5; 0.5) 683i (Siac) 
684(1; * ) 685(62; 0.9) 686(26; 0.5) 687(59; 0.9) 
688 (14; * ) 690; s) 691(10; 0.9) 692(18; 2.7) 
693\(22; 2.3) 694(57; 14.5) 695i(3ie =e) 696(20; * ) 
697i(7is = )) 698(10; * ) 699(11; 0.9) 7hojo) (2) 


Microgadus tomeod, Atlantic tomcod 
SOC ae) 
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Phyets chestert, longfin hake 
39\(S)7 )) 99(4; 0.5) NGS (1970 ees) MEASOs 74) 215 (yee) 286(52; 5.0) 
346 (1) =) Aii/\(Aiy ee) SIME Bos) (lA(7e)A. 5)(0))) 


Phystculus fulvus, hakeling (See: Bigelow and Schroeder 1953) 
NGSIC2 sexes) Bysi7/ (GbR &7)*)) 


Pollachtus vitrens, pollock 


CaLEy (alas {0)'))) ALVAs (Gs 3 72) 1529) (15) S72) 16 S.91Cs5) °* )) 660(1; * ) 665(37 * ) 
Urophyets chuss, red hake 
AI (As) X)) 174255) 2:93) als) (3p ae }) 2a (Sieh xbe) PAH (A 3 8)) 
28) (Zit) 29(2; 0.5) 35 (2)-) (0155) 3:2)(13 ie 7455115); 36(66; 5.4) 
39(16; 4.5) 43)(33, * ) 44(3; * ) AS (ies) x) 46(3; * ) 
49(1; * ) SAi (iin wlex8)) 58) (dis 50/45) 59(2; 0.5) 60(11; * ) 
68iCh a sy) TAGs se) 1-2) (lus ten) IAG2 seen x) Wala 2 *)) 
S{o)(Gilip <2) S5i(iss asa) SILO S26) 90(7; * ) 92(2; * ) 
93)(20;55% 9) 94(41; 6.4) 96(2; * ) 99(128; 2.3) 100(13; 1.4) 
104(19; 0.5) 105(756; 36.3) 106(4; 0.5) 107(64; 6.8) ALM (eye <3 )) 
Ep) Abney (Ape EF) 114(2; * ) TAG ((Si7) aXy) 141(30; 1.4) 
142(93; * ) 143(6; * ) 144(16; * ) PAS (7 Qicee) 146(4; * ) 
U5 Oj (2x) >) U5 2)('3 2s VAay5) 153(85; 9.5) U5 4i(2)s) 1Ok5)): 155(60; 8.6) 
US6i(S) *-) SH (Gis. 15.4)) 159(4; * ) ‘LEGO M(Sds yw) 615 (ass xen) 
163(42; 4.5) 164(5; 0.9) 167(176; 11.8) 168(4; * ) 174(3; 0.5) 
L/S (Re) 176345) )) al7AS}(OiSi yey )) 179(35; * ) 180(9; 0.5) 
181(11; 0.9) 198(2; * ) 199(1; * ) 200(19; * ) PXONE (A 2) 
202(14; * ) 203(3; * ) 204(29; * ) 205i(2) =); 2O6\ (Wi; anxen) 
ele (Dien 1X) Zi (M2 eiOry5)) DAT (AS; xi) ZNSi(Ois x) AUG; ete) 
ZANTE EY) 218(13; 0.9) 223)(339);e i/o) 224(91; 6.4) 225\(31L 7 510) 
226(60; 5.0) 227, (Bi7=xe ) 223A e272) 229(4; 0.5) 233) (20st) 
234(27; 0.5) 235(29; * ) 236)(L0)s73% 9) AS(akay eo) 260(18; * ) 
261 (11; * ) 262(42; * ) PX Sys) ( (BE 7) 264(13; * ) 265(39; * ) 
266(4; * ) 2 6y/a(Gliseaxae) ZOOSK satan) 269) (ose axe 9) 270(25; * ) 
ZA OR 7) 272(65; 0.9) PYM TAP OSS) 274(20; * ) 275(44; 0.5) 
Dio(Sis) =) 5) Zila (2 >is exee) PKS Le) PRS Kh) 280(10; * ) 
Z2BiI(20);, * ) 282(3; * ) PXshey (alias £2) 285\(4);) “*.) 289(15; 1.8) 
292 (1; ) 2OSi(UOO 7a a) 294(11; * ) 295(34; * ) 296(18; 4.5) 
299(1; * ) 3002s) 3O)2102;0e x) 306(3; * ) syilfoy(Gly <3" ) 
311 (4; * ) 318(4; * ) SYA0) (AER vey =) S2T\(303 * ) 322(26; * ) 
323 (34; * ) 324(37; * ) S251(163);5523)- 15) 326(1426; 20.9) 327(1482; 34.0) 
329(1; * ) SSAA wai) 332(1038; 20.9) S33 (284 ee 2iiere) 334(364; 9.5) 
SEIE((OR <7 *)) 336(1; 0.9) 38 8i'Sis6 Ol). 33)9)(Siz0 >) 3:4.0\ (2); xe) 
S47 x *) 342) (4; ay) 344(96; 8.6) 346 (362; 58.1) 347) (5; 4) 
348 (45; * ) 350(4; * ) Shh (Alpe EF) SS Si (sixes) 354(7; 0.9) 
356(23; 0.9) S57i (2709) 361(8; * ) Si7Si(lise Ae) S/S (las. 13") 
376(1; * ) 386(6; 0.5) BSA es 9) 388i (Site x) 389(61; 4.5) 
390(35; * ) 391(90; 3.2) 392:(293)0 02:43) 393 (152; 1.4) 394(176; 3.6) 
395(312; 3.6) 396 (308; 10.0) BCS" OSS) SI8i(2 Tie Ohe5)) 399(33; 1.8) 
400(20; 0.5) 401(78; 1.4) 403(8; 0.5) 404(162; 1.4) AO SIGS Os sSi2) 
406(2; 0.9) 408 (3; * ) 409(1; 0.5) 410(51; 15.4) 412(1; 0.5) 
413(8; 4.1) 414(10; 3.6) 415(68; 25.4) AN6i(2:2)syt5)5.4) 417(6; 1.4) 
420(56; 5.4) 422(64; 17.2) 424(348; 133.4) 426(7; * ) 427(62; 0.5) 
428 (229; 15.4) 429(188; 12.7) 430(34; 0.9) 43 1k(Si7icesinte)) 43)21(5);5 e138) 
433(9; * ) 434(1; 0.5) 43'55((3:3'5 29 i-p1)) CB (LAR Aes) 437(141; 16.3) 
438 (54; 2.3) 439(47; 3.2) 440(5; 1.4) 441.(135; 23.6) 442(31; 10.4) 
443(1; * ) 444(7; 3.2) 447(104; 27.7) 448)(Site2es)), AGL £2) 
452(32; 11.8) 453(29; 7.7) 454(1; 0.9) 455(18; 8.2) 456(10; 4.5) 
458 (34; 4.5) 459(4; * ) 460(19; * ) 461(110; 0.9) 462(48; 0.5) 
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Table 3.--Continued 


Urophyets chuss--Cont. 


463 (47; 0.9) 
471 (12; 1.4) 
ATT (22 Rg Se) 
482(2; * ) 
AST (Ss) *) 
SOSA Gs) 27) 
508(4; * ) 
EAST (ATS GAS") 
522 (102; 
529(3; 1.4) 
540(2; 0.9) 
545(7; 0.9) 
SSI (a2 we) 
559(24; 0.9) 
564(50; 5.0) 
569) (1257 10/55) 
574(326; 5.4) 
579(92; 9.5) 
584(116; 3.2) 
590i(83)73 10)-'5) 
596(14; * ) 
BO2iGIiEr 0) 
609(6; 2.3) 
618(2; 1.8) 
623 (66; 0.5) 
636(21; * ) 
643(12; * ) 
6527 O'S) 
659(10; * ) 
665(5; 0.5) 
GVAE(SM 277-2) 
680(33; 9.5) 
687(41; 2.3) 
692 (106; 
697(3; * ) 


27.7) 


18.1) 


464(19; * ) 
Ai] :3) (E15; eae) 
478(12; * ) 
483) (257 °* >) 
439\(17> * >) 
504(105; 2.7) 
509\(20e* =) 

SS (S872 Wy 3)) 
523) (527) 102.9) 
530(3; 1.4) 
541(11; 4.1) 
DAG (Sisto ») 

BSA (Manits”)) 
560(25; 1.8) 
565)(133)7e 1) 
5/ O\0l45 5 34553)) 
STS(372i5) 3/16) 


5801697 22) 
585\(87/7" 1 .8)) 
592(109; 15.4) 
SOW (Suara) 

GOS C25; Essie) 
6E31(305 4271) 
619(308; 88.9) 


624(13; * ) 
G3 9\(47nexs*) 
644(5; * ) 
654(1; * ) 
660(16; 0.5) 
666(41; 0.9) 
672(145; 58.1) 
681(15; 2.7) 
688 (36; 0.5) 
693(41; 3.6) 
698\(5 sex) 


Urophycts regius, spotted hake 


O23" **) 
SiS" (O'9)) 
AiNSs ts) 
83(8; 0.5) 
210) (Si teatat) 
STAGGERED) 

LOW(S35 *) 
115 (540; 
120(30; 0.9) 
144(12; 0.9) 
TUSVAX (a be) 
158(9; 0.9) 
167(4; * ) 
176(5; 0.5) 
USTs oe" 5) 
203;(25" *) 
2a" * ) 


245) 


D7 (Siste xa) 
43)(355 ) 
55115) 
84(55; 1.4) 
92(12; 0-5) 
100(8; 2.3) 
ala ka hy Gig rsa) 
116(492; 16.3) 
39)(235-* 0) 
VAS (ise XE) 
153(2; 0.5) 
W59/(iss OS) 
168 (33; 1.4) 
177(20; 1.4) 
199)(53 O25) 
204)(2;7 -*™) 
215(8; 1.4) 


466(20; 1.4) 
474(23; 2.7) 
479(55; 0.9) 
484(33; 0.5) 
AGA (isn xe) 
505(93; 1.4) 
Eno 29) 
517(20; 3.6) 
525(11; 6.4) 
531(8; 1.8) 
542(7; 3.2) 
547(5; 1.8) 
5oDI(4 Xm) 
5615 (23)3""5)./0) 
566(147; 9.1) 
571(134; 20.9) 
STG(S53};- 123i) 
581(24; 1.4) 
586(82; 9.5) 
593(66; 8.6) 
Bye }e) (CA 8 39)) 
604(6; 1.4) 
614(4; 1.4) 
620(4; 0.5) 
625(10; 0.5) 
640(12; * ) 
645 iC e ame) 
G56i(5im ees) 
661(9; 1.8) 
667 (17; 0.5) 
673(79; 23.6) 
684(1; * ) 
689(39; 1.4) 
694(66; 15.4) 
699(2; 0.5) 
Ue) (ia 3) )) 
44(21; * ) 
TINGE 2209) 
85(37; 1.4) 
93)(10;) 05) 
103(12; 0.9) 
112(7; 0.9) 
117(47; 1.8) 
141(24; 1.4) 
146(3; 0.5) 
SA (eon) 
160(14; 1.8) 
IgA GE she )) 


UIS(S5;" 27) 
200(10; 0.9) 
Pa lall As v3.) 

21753; 5.0) 
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467(5; * ) 
475(16; 1.4) 
480(119; 1.4) 
485) (1s 9) 
501 (85; 
506(12; * ) 
511(42; 0.5) 
518 (31; 
526\(35)253)) 
534(2; 0.9) 
543 (4; 1.8) 
549(2; * ) 
557 (39; 
562(34; 5.4) 
567 (20492544) 
SWZ S6Sis™ aia) 
S77 (Lis) O29), 
582(45; 4.1) 
587i 10129) 
594(8; * ) 
600(23; 0.5) 
605(18; 2.3) 
615(48; 16.3) 
624) (AS37253) 
626(204; 50.8) 
641(100; 3.6) 
649(2; * ) 
O57(6i75 * os) 

663 (14; 0.9) 
668(5; 0.5) 
674(224; 59.0) 
685(1; * ) 
690(3; * ) 
695(7; 0.5) 
700(2; 0.9) 


AUF 2) 
AS \(S ore) 
80)(1:25 105) 
86)(55)- 4) 
QA en) 
104(4; 0.5) 
TUS (2 ieee) 
tlle (ibe ty. 6) 
142(20; 1.4) 
VAS; ss) 
T55\(65ars) 
VOUT; AA) 
174(5; 0.5) 
179 (113; 5.0) 
201(19; 1.4) 
PA GLZ abess})) 
225) (Cee) 


470(27; 1.4) 
476(4; * ) 

Ash (S) ate) 
486(9; 0.5) 
502(50; 0.5) 
507(49; 0.5) 
Sil (7B. 3 )) 
521(58; 0.5)- 
528(7; 2.7) 
535(60; 18.1) 
544(40; 10.9) 
550) (Sima) 
558) (IG Siiee) 
563(106; 13.2) 
568(5; 1.4) 
573(266; 8.2) 
578(13; 4.5) 
583 (393; 8.6) 
589(260; 27.7) 
595i (9175 <Or9)) 
601 (488; 184.2) 
608 (6; 0.9) 
616(56; 15.4) 
622(83; 5.9) 
631(4; * ) 
642(83; 2.3) 
650(4; 0.5) 
658 (23; 0.5) 
664(2; * ) 
669(33; 8.6) 
679(140; 46.3) 
686(7; 0.5) 
SNA = +) 
696(4; * ) 


34175) 2533), 
46(576; 1.8) 
82'(15 255) 
87)(313" 1029) 
96(1; 0.5) 
106(2; 0.9) 
UAL 7s = Ol) 
119(3; * ) 
143 (22; 
T5027) 
156(1; * ) 
166 (28; 
ESS ase) 
180(46; 1.8) 
202(4; * ) 
213 (iene) 
227(37; 4.0) 


Table 3.--Continued 


Urophycts regtus--Cont. 


228: 0.:9) PKS) (PGI) 
236(107; 8.6) 260(14; 1.4) 
264(8; 0.9) 265)(S)7uatne) 
AA(GLORY abst) 27/31(33) OD) 
rea OSE) 28.0\(Si7) km) 
289)(25 °*5)) 290(54; 5.4) 
295(10; 0.9) PX (AF %2) 
308i; * ) 3091(67's=)) 
Sil6i(20 775%") 318 \(25*9)) 
}7}5} (AL 7/s ae) 324(4; 0.9) 
3291(1;. *") SiEX0) (A es) 
SYAAS} (CLs 3) 344(4; 0.5) 
SYAKS) (Ol) 353)(Gs8 0/39) 
SOUK (2s) exe) 386(7; 0.5) 
SOs =) 394)(15, * >) 
AVS (als) x») 416(1; * ) 
449(3; 0.9) A621 >) 
BYVAL (Are i) By}3} (jp oh fs})) 
559(2; * ) 604(13; 3.2) 
614(1; 0.5) O241( 25 1 *- ) 
62937) <8) 6sih (ls xe) 
GA5i(i ==) v) 66017) **) 
G78) (3532/2) 685(4; * ) 
690(4; * ) 692i(iss xm) 
Urophyeits tenuts, white hake 
LS 6i03 ism O)s:5)) T57A(SBi5i70 9326) 
336)(37 1029) 346(150; 40.4) 
415(1; 8.6) 420(3; 1.8) 
442(6; 2.7) 4531 ((es se) 
537(1; 0.9) 577(2; 0.9) 
611(10; 3.2) 612(3; 3.6) 
630(20; * ) 69k (di; * >) 
OPHIDIIDAE 
Lepophitdium cervinum, fawn cusk-eel 
SAH pe) sks} (lal tos 9) 
OI (Saxe) 104(4; * ) 
161(90; 1.4) 162(124; 1.8) 
219(124; 0.9) 2238 (20 pata), 
ZO5i (ise x; )), 322\(ise*) )) 
340(18; 1.4) 3 A'3i(2iseaxe) 
410(9; * ) 416(2; * ) 
451(8; * ) SSSi(2iz *) 
606;(15;" *_) GOV (SF 7%) 
675(1; * ) 689(1; * ) 
Rissola marginata, striped cusk-eel 
144(3; 0.5) PALA (Sy 6.5) 215(1; 
293} (sex a) SS)((ALA: 2) 327 (1; 
428(1; * ) A30)(15" %%) 474 (1; 


230(1; 
26:1N(3:3) (O)=:5) 
266(1; 0.5) 
274(7; 0.9) 
28043) 
291.(67 02.5) 
303 (23 
310 (4; 
SLO; 
325 (24; 
BISWA 
346 (5; 
354 (6; 
387 (4; 
395 (2; 
421 (1; 
474(1; 
S38 9G; 
605 (2; 
625(5; 
638 (1; 
670(5; 
687 (2; 


1.4) 


= 
- A 
LS 


~ 


~ 


* P+ * +O +O * + * 
EGY AAS IS 
~ 


286 (5; 
410(2; 
424(2; 
458 (2; 
605 (4; 
626 (2; 
669 (3; 


3). /2) 
3.2) 
2oe))) 
9.5) 
12.2) 
0.9) 
1.8) 


34(26; 0.5) 


TO SY (As 
167 (5; 
274 (1; 
332) (15; 
344 (2; 
422(4; 
540(1; 
613 (1; 


+ + FF FF OF OF 


SST 
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14.1) 


233 (1; 
334 (2; 
Byk(aibe 


233(8; O 
262(8; O 
268(2; * 
275 (6; O 
285(1; * 
29330 * 
306(14; * 
312(23; * 
3201(3)3) *4-) 
326:(1717= 57.0) 
338(4; 0.5) 

347'(133-2..3) 
356(3; 0.5) 

390(10; * ) 

410(3; 0.5) 

422'(3i O85) 

486 (1; 
556(18; * ) 
609 (1; 
626 (1; 
639(12; * ) 
(S7/Abt aly Ko)55)) 
688(1; * 


Sika; 
158 (1; 


3) 
25) 


ZIIN(L965 35.2) 


285, (133 
338 (4; 
347 (6; 
449 (27; 
603 (1; 
615 (5; 


a) 


.) 
es) 


a) 


x) 


0.5) 


235(6; 0.5) 
263(9; 1.4) 
Paps iA (05's) 
276(10; 1.4) 
288iBrns®) 
294 (173; 0.5) 
SOM(Z5 eam) 
SANG aexae) 
322)(25;5 5m) 
SAT (ies avcts))) 
341(2; 0.5) 
S48i(1 xm) 
357(11; 1.4) 
3.9/2! (ie eeae) 
413(2; 1.4) 
A26((3% *@) 
NSN (ily. 2) 
558i (leat), 
610(7; 2.3) 
628iCli;, =m) 
(eyo) ((alecd 4) 
675(2; 0.9) 
689i(2);mexan) 
326(2; 1.8) 
414(2; 3.2) 
441(5; 8.2) 
535(1; 0.9) 
607(2; 0.9) 
GASB =) 
98(4; * ) 
ISO) (ala. ee) 
218(41; 0.9) 
29 O\(5 ies) 
3394) mata) 
348 (37; 0.5) 
450(32; 0.5) 
605i(3i78 5% 5) 
623 (2; 0.5) 
oxsis} (ALF x3) 
“Mio (abe: t)) 


Table 3.--Continued 


ZOARCIDAE 


Macrozoarces americanus, ocean pout 


31(2; 0.9) 

94(3; 0.5) 
ISAS. 7 )) 
157(7; 0.9) 
BBS (Op +39) 
228) (2)7) 1X0) 
2810255 = 9) 
S137 (Ae 3) 
392(20; 6.8) 
39719; U2 yi) 
403(7; 5.0) 
422(1; 0.5) 
431(6; 2.7) 
437(51; 12.7) 
445(6; 5.0) 
459(2; 1.4) 
464(1; 0.5) 
473(1; 0.5) 
483(2; 3.2) 
503(1; 0.5) 
508(20; 25.9) 
513(6; 6.4) 
520(4; 2.3) 
525255 2ie3)) 
546(6; 4.1) 
SVSiTis e227) 
578(20; 17.7) 
585(14; 11.3) 
591(2; 1.4) 
SOTA BS2) 
602(3; 1.4) 
6U5i(3i7) 2/53) 
621335 1.4) 
6421055) * )) 
660(3; 0.9) 
668(5; 1.8) 
692(23; 8.2) 
(32 )7/{ (Aba) 


sya(alp 
Sei (as; 
153 (3; 
alsye}((abp 
224(5; 
229(53 
282(1; 
343 (1; 
393 (6; 
398(7; 
404 (1; 
423} (15; 
433(1; 
438 (4; 
446 (2; 
460 (1; 
465(1; 
475(1; 
484 (1; 
504(1; 
509(12 
516 (31 
S20: 
529(2; 
568 (1; 
574(5; 
579(28 
586 (6; 
593\(1; 
598 (43 
603 (30 
616(9; 
622(1; 
647 (1; 
661(2; 
673(1; 
693 (6; 
699(5; 


Melanostigma atlantticun, 


221(4; 


=e) 


MACROURIDAE 


537(15; 


<2) 51(1; 1.4) 
Ee 9) 105(4; 0.5) 
Be) absyes((AbR ty ~)) 
72) U5 9)\(G5; S—) 
0.5) 225) ((2ieatem) 

Be Sic) 23.0\() +9) 
ce) ASML (aupn t3 -) 
E31) 389(2; 0.9) 
3&2) 394(16; 5.4) 
73) 3992; 1.4) 
0.9) 405(4; 4.5) 
ts) A2TiCSi 2st) 
0.5) 434(4; 2.3) 
0.9) 439(5; 1.4) 
203) 447(1; 0.5) 
0.5) 461(3; 0.5) 
0.5) 467(1; 0.5) 
0.5) 471815) <a) 
0.5) 485(1; 1.8) 
£9) 505(1; 0.5) 
tel’ Spend) 510(5; 5.4) 

F674) 517(3; 1.4) 
0.5) 522\(Si57 8) 
1.8) 535\(35-1-.8) 
0.5) 570 (2; 0:5) 
2d) 575(15; 10.9) 

A lS) 580(6; 2.3) 
5.9) 587(8; 7.3) 
0.9) 594(8; 7.3) 
Be S¥io2) 599\(10; 9-1) 

7 1/529) 607(1; 0.9) 
5.0) 618(3; 1.4) 
0.9) 623(3; 3.2) 
pan) 654(U; *) 
|) 665(2; * ) 
0.5) 674(1; 0.9) 
0.9) 694(13; 3.6) 
1.8) 


Atlantic soft pout (See: 
539)(1); 


i) 


538(1; 


<7) 


Sy7/ (Lp 0) 5) 
VOW(25); 8) 
155(36; 4.1) 
aley7/ (4A ta )) 
2:26\(@5; xi) 
2351 (2i-maxae) 
SQA Clie xm) 
Biel (ale | t3)) 
395(13; 6.8) 
400(7; 6.4) 
406(39; 30.8) 
429(2; 0.5) 
435(45; 20.4) 
443(6; 3.6) 
45 2\(Sis0 723) 
462(1; 0.9) 
470(4; 1.8) 
479(8; 3.2) 
SOU (84 s7el'3 = 2) 
506(19; 16.3) 
Sis (655510) 
518(2; 0.9) 
Beil £2) |) 
543(4; 4.1) 
571(29; 14.5) 
576(10; 4.1) 
581(4; 1.8) 
588(2; 1.4) 
595(16; 16.8) 
600(14; 14.1) 
608(4; 3.2) 
619(27; 10.0) 
627(8; 9.1) 
658(3; 0.9) 
666(1; * ) 
681(2; 0.5) 
695(2; * ) 


Byy(alp <2 -)) 
112(6; 0.9) 
USa(Sp 8) 
176(3; 0.5) 
BAU (2B * )) 
236(1; 0.9) 
336(7; 1.8) 
391(6; 1.8) 
396(8; 5.0) 
402(2; 1.4) 
407(30; 17.2) 
430(3; 1.8) 
436(15; 5.4) 
444(1; * ) 
454(1; 0.5) 
463(2; 1.8) 
471(2; 1.4) 
480(1; 0.5) 
502(6; 3.2) 
507(4; 4.5) 
512(7; 10.9) 
519(4; 2.7) 
524(2; 2.3) 
544(47; 8.6) 
572(4; 2.7) 
577(70; 52.6) 
582(4; 2.7) 
590(1; 1.8) 
596(18; 17.2) 
601(94; 50.8) 
609(1; 1.4) 
620(20; 12.7) 
640/19) 
659(2; 0.5) 
66y74(i seme) 
687(1; 0.5) 
696i Cas) 


Leim and Scott 1966) 


Et) 


Coelorhynehus coelorhynehus carminatus, longnose grenadier (See: 


V64i('3); * ) 


Ventrifossa occidentalis, American straptail grenadier (See: 


458(1; * ) 


22152; 


*) 286 (55 ais), 


Nezwnita batrdi, marlin-spike 


99(11; 0.9) 
537(16; 0.9) 


163(3; 
611(13; 


it) 


164(8; 0.5) 


059) 6123555) 
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357 (2; 


286(6; 


EJ) 458 (1; 


L )) 346 (1; 


Marshall and Iwamoto 1973) 


612(11; 


“) 


Marshall and Iwamoto 1973) 


417(25; 0.5) 


Table 3.--Continued 


Macrourus berglax, roughhead grenadier (See: 
6l2i(Ary zs) 


5318) (25) 1 9), 


G7oy((akR ts) 


Marshall and Iwamoto 1973) 


Trachyhynchus murrayt, roughnose grenadier (See Leim and Scott 1966) 


6Oi GE; a) 


Macrourid, unidentifiable to genus 


2891(3'3) =) 346)(3)77 *) 531 (63) *F) 
EXOCOETIDAE 
Hyporhanphus untfasctatus, halfbeak 
226i (lis) <2») 340(1; * ) 
ATHERINIDAE 
Menitdia mentdta, Atlantic silverside 
240(1; * ) 250(67 * ) 254(2; 
3 OU(24i33 a=") 30)2)(275-*) ) 303 (7; 
3083-2) SOSIG2s max) 310(1; 
SlS(als =) SUSi Gio; xs) SHOIGG; 
3/25) (Ge), 3622/5 sas =) 364(3; 
390077 =) ehenl (Sip ta) 399i; 
474 (1; * ) 48a; * ) 509(2; 
SUSI; =) liey((s33 ee )) 546(1; 
553'(285; * ) 554\((63, *>)) 555(12 
Bl (Gp: )) BSA (ala 3 =) 564(5; 
633) (27x) 63412) he) 635(9; 
POLYMIXIIDAE 
Polymtxta lowet, beardfish 
iG 4i(55) =*7 9), PALS} (LAA 43) )) 34442) ix %) 
GASTEROSTEITDAE 
Gasterosteus aculeatus, threespine stickleback 
Si7/IL (kas <2 9)) Blab (alps <<) 
FISTULARIIDAE 
Fistularta tabacaria, bluespotted cornetfish 
ALT A(LR h 25) 
SYNGNATHIDAE 
Hippocampus erectus, lined seahorse 
SI (Hka <3) SON (Aish EXE) 195(1; 
ZOD (IN ap) PAYO){ LBS te )) 212) (a; 
PAsaE (Cur ta )) ABS (hrs 3) 269(1; 
272(4; * ) Pyss((ahq <3 )) 274(1; 
Pefoj(by <7") Ake)3} (lp <3 )) ByVal (Lp 
S27TiCL93)5\ O55) S2fo) (Ap. <3 )) 33'3)(255; 
432(2; * ) 464(1; * ) 484(3; 
SiO CEs ss, ) 
Syngnathus fuscus, northern pipefish 
WA VAC (CIER; 3) TAS) (eS) alfe}s} (abe 
PAYS os )) 246 ("li e) 256 (8; 
260\(15;, * ) 264 (Als; -*")) 266 (1; 
Pye (Gle 2° )) 274(1; * ) 312(1; 


Eee, ik, ae, SL Jeet, ST 


SEI hes Ls Hea ee fe 


te ED hp Ep 


35 


605(1; 


* 


539(1; 


~eryrvrevervevrvwvys 


) 
) 


I Tine et Ene ae 


Fi Si 


) 


* 


* 


) 669(3; 0.5) 


256(1; 
306(5; 
sjabea{ (abe 
320 (320 
366(3; 
402(7; 
S12 
549(1; 
556(14; 
628 (78; 
636(12; 


7 


) 67 (se) 


197(1; 
215(2; 
270(1; 
278 (2; 
322(1; 
334 (1; 
497 (1; 


212(1; 
257(2; 
ZO 
318(5; 


+ + FF FF OF 


SNS SS SS 


299(1; 
SO: GL; 
314 (1; 
S212 
387 (2; 
403(19; 
ByL7/ (lp 
550 (1; 
560 (1; 
629 (2; 


208(2; 
250(1; 
Dele (els 
279 (2; 
324(1; 
431(1; 
Bl (ali 


214 (6; 
258 (2; 
PHPX (S3p 


320(10; 


* OOF 


+ OF 


+ et Fe FF OF OF 


* 


3 a 


) 
) 


Table 3.--Continued 


Syngnathus fuscus--Cont. 


SAL (SR 2") B23 (255 *") 324(1; * ) 31251(22)-neie) 326(1248; 1.8) 
BS 27a 2Orn LO) 33.0) (se xa5) Sisk (Gale ob )) 334(40; * ) 394(2;. * ) 
396\(k ie % ) 898i iexy)) Ske) (ip e +) 400(2; * ) 401 (1; * ) 
427, (23) * ) 43 0i(3) 2) 4315 (3)sa0%) sy (Ap <7.) 434(1; * ) 
AST/AC25 %) )) 460(6; * ) CNS (A i) AG2(2isy x) 463(3; * ) 7 
464(2; * ) 474(8; * ) 478(1; * ) 479(1; * ) 480(8; * ) 4 
482(1; * ) 483(1; * ) 484(15; * ) 486(1; * ) 487(1; * ) ‘ 
503(3; * ) 504(3; * ) SO5i(Sire xu) Gulla £2" )) 558) Glee) 
565(2; * ) 566(3; * ) 570(2; * ) 598(1; * ) 

PERCICHTHYIDAE 

Morone americana, white perch 

300(1; * ) 


Morone saxatilis, striped bass 
UGI(Sis se187/212)) ay LA 3577) TAN (A5s5 O19) 72(1; 0.9) AH (ale aGE3)) 256(1; 1.4) 
3.20) (is 45:.°4) 549(1; * ) 568(2; 4.1) 580(1; 3.6) 


SERRANIDAE 
Centropristis striata, black sea bass 
ZINC; | * 5) 23) (25, 10)59) Son QIl ta )) AS) (Isa) 48(1; 0.5) 
Sls, O55) B2is 7 sxe) 84(6; 1.8) 85) (1S £569) TE (TE ORES) 
141(1; 0.5) 142(4; 0.9) 143(6; 1.8) ab aL ¥)) 1457; (See) 
DTK (Tes ONS) 17,2)(13; 10).15) 186;(4;; * >) 1:96) (sex) 197;(1;" *~) 
198 (3; 0.5) 200(7; 3.2) PRO GLaLAT te) 204(6; 0.5) 205/115 tam) 
206(9; 1.4) 2ZOT(2 ss as) 21523 (GUS saree) QU Al (ee oxen) Zs (3A JE E})) 
232) (15s eee) 233 (26; 0.5) 235)(57910)55) 236\(93) 3:56) 242)\(15) =») 
259) (ie Ex,) 260(16; * ) 261(4; 0.5) 2612) (2) exe) 263: (ee), 
264(3;. * ) 265(3; 0.5) 266(2; 0.5) 272(2; 0.5) 27:3) (; {O15) 
QT Ai(2'3 3%!) 216\((2i31 1X) 280(3; * ) 281 (5; * ) PrVo(filp % )) 
293(127; 1.4) 294(14; 1.8) 295(46; 4.1) Ach (aly £32) 336(3; 1.8) 
3373. *.) 33 Bl(25 eax) 339](@i ei) 340\(27*,) 341(1;, *) 
342125 Xs) 349(2; 1.8) 353\(2; 0.9) 3541(SitO9) 413(6; 0.9) 
416(4; * ) 422(6; * ) 429)(T soi 5) 484(1; * ) SiO l(t ae) 
574(1; 0.9) SITUS sz (O59) 57825" U4) 579)(2)30)15) 58 0)\(i-aaeam) 
SEA (ss Xe5) 585\(dis es) 587(1; 0.5) 588(1; 0.5) 589(1; 0.9) 
590)(3)7, #158) 592(2; 2.7) 593) (Ji; 54) 594) (Gia) 606: (ise) 
608) (Ten x) 619'(23) (055) 620(1; 0.9) 6200 ee) 622(3; 0.9) 
623) (25: 10.'5) 624(2; 0.5) 625(3; 1.4) 626(1; 0.5) 627(1; 1.4) 
629)(Clsiex! |) 638(17; 3.6) 640(8; 1.8) GAINS sexes) 642(1; * ) 
643(7; 2.3) 644(12; 2.7) G47 (Es) se 9) 649(1; 0.5) 650(1; 0.5) 
6515 (25 O55) 665 (Als) sss) 662/01 ee) 6O5i(1 >) 683) (ie) 
684(2; * ) 685(27; 4.1) 686i(27 eas) 687(7; 1.8) 688 (4; 0.9) 
689(19; 2.7) 690\(97; 2/3) 691(8;; 2-3) 692)(1G RD) 693'(2; * ) 
694(6; 1.4) 6971(25;-055) 698)(1'5-143)) 699(5; 1.8) HOOKS eee) 
PRIACANTHIDAE 
Priacanthus arenatus, bigeye 
2.933)(bli eas) 


Pristigenys alta, short bigeye 
90/5 > ) 


36 


Table 3.--Continued 


APOGONIDAE 
Apogon pseudomaculatus, twospot cardinalfish 
HOO Gs =.) 221 (78; 0-9) 289(1; * ) 
Apogon sp. 
GQ ILIb( GE > )) Gy7/7/ (cba £5) 
BRANCHIOS TEGIDAE 
Lopholatilus chamaeleonticeps, tilefish 
SIi7i(25 55) 40(1; 6.4) 222) (brs ax: 9) 
A51)(1); * ) SSS (GER Le) 653) 3e)2)) 
POMATOMIDAE 
Pomatomus saltatrtx, bluefish 
IL(@ER: 235s) UG (Aa 4) LACS Is 
29(1; 1.4) AVL; 322) 48 (6; 
64(1; * ) (oye) (alt) 66 (2; 
TAL; Fe) Tals B50) 78(10 
SOS ee) LUS(L 7 Ls) 124(2; 
134(1; 0.5) 136(6; 0.5) 153'9; (D4; 
U5 O\(LOM = 2E7) ILL (Sip >)) 182 (13; 
189(1; 3.6) MOTE ORS) O22) 
195(42; 5.9) 210(43; 7.7) 2M); 
23 (8i;0:0)='5) 238(4; 0.5) 239\(1; 
257(12; 4.1) 259) (1a PSI) 260(2; 
266(1; 5.0) 267(3; 18.6) 268 (1; 
274(1; 3.6) 278 (14; 0.9) BUN (Ae 
298(40; 2.3) 303/(1;" 455) 320(1; 
SS h(i; 3/56) 340(1; 2.3) 3521(5; 
CARANGIDAE 
Decapterus macarellus, mackerel scad 
ART (GLa: ez) 
Decapterus punctatus, round scad 
SOs) 90 (57 *)) 92(2; 
148(101; 0.9) LAS) (tex )) 150 (5; 
iis fe(Gbrs <7) 208(10; * ) 209 (2; 
268(1; * ) PANT AU sf 2) 
Nauerates ductor, pilotfish 
IHGy2( GE 5) 
Selar crumenophthalmus, bigeye scad 
AlaL (Sy 2) ALAXO) (7 x3) 148(1; * ) 
Sertola zonata, banded rudderfish 
33S) (lp: es )) 138(4; 0.5) LEO ») 
Trachurus lathamt, rough scad 
At 7AO (GER 25) AQ INAR %)) 280\(Sie =) )) 
Yomer setapitnnts, Atlantic moonfish 
USA (AR 2. 9) ale}7/((ke. £2) dleye(abe t2* 9) 
rai (kp fd 2) Prey] (iby 2) pkeysy((ile 2 —)) 
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287 (2; 
675 (1; 


+ OF 
FR 


294 (1; 


194 (1; 


Zh) 


a) 


abs\o)((ake 
147 (4; 
LE5iC2's 
193 (4; 
215(2; 
240(1; 
262(11; 
Ppa abe 
284 (1; 
322(65 
648 (3; 


alsts}((iby 
197 (32; 
266 (1; 


5) 


*1) 


347 (1; 


678(4; 0.5) 


18 (2; 
Ssi(2is 
67 (10; 
79(2; 


5.0) 
ee) 
4.1) 
0.5) 
0.5) 
ALES) 
xo) 
0.5) 
O89) 
Fo) 
0.9) 
Ae th)) 
5.4) 
5.0) 
*6)) 


~ 


ea) 
0.5) 


sh) 


OSS (5; 


* 


* 


) 


) 


348 (1; 


ARS TAs. eco 
194 (24; 
232(14; 
256 (85; 
PAS SIG ks 
QU 2) (ies 
295i (ds aeAe 
323(4; * 
687 (1; 


140 (72; 
LO Sis 
267) (ls hee 


210 (10; 


1.8) 


0.5) 


) 
) 


* 


) 


Table 3.--Continued 


LUTJANIDAE 
Iutjanus sp. 
PALA £25 )) OSIK(Glg <3 )) 
POMADASYIDAE 
Orthopristis chrysoptera, pigfish 
242; * ) 325125) ®), 
SPARIDAE 
Lagodon rhomboides, pinfish 
PAGS (CAL £3) PAT (Qu £39) 323 (1; 
Stenotomus chrysops, scup 
AL (GUGs <2») S (ily ce?) 
2OKS =e) 215( 225025) 
28i(Siaken) 291 (Giza r ee) 
AO (ese) 50\(1is =>) 
61(3; * ) 62 (1 mae) 
81(50; 1.8) 821672025) 
AS HA Ee) NSIS) (BP a2) 
144(37; * ) 147(9; 0.5) 
186(76; 0.5) alfete}((alp. 2) 
POF (U2059 7/53) 198 (87; 1.4) 
2OSi (GL x) 204(10; 0.9) 
ZOO(2 = 2) 210K: 0-9) 
214(184; 0.9) 215\(207 2.7) 
227(6; 0.5) 228\(3;; O25) 
234 (138; 0.5) 235i (Cae), 
260(24; 1.4) 2615(LGs em) 
2E5i(CL37i7) 54) 266(607; 51.3) 
271(8; 0.5) 2721; * ) 
276(1566; 24.5) 277(350; 9.5) 
281(29; 5.4) 282(18; 4.5) 
292(4; 0.9) 293(68; 3.6) 
298(3; * ) 299\(425 ex) 
329(25; 4.5) 330(82; 26.3) 
338(7; 2.3) 339)(9%77°2 23) 
349(117; 68.5) 350(66; 7.7) 
354(26; 1.4) 357 (4; 0.9) 
SSSi(lisi*7.) 540(2; 0.5) 
BQ (er .) BVA (ale: 3* 5) 
579(13; 3.6) 580(3; 0.5) 
58'5)(845;) 25'5,0) 586(2; 0.5) 
591(57 0.9) 592/(20;) 3/.:2) 
598\(1; * ) 599/(335 05) 
603 (38; 11.3) 607(2; 0.5) 
6191s -* ) 620(7; 1.4) 
624(35; 0.9) 6251(57i-*)) 
634\(255 = >) 635i ress) 
640\(95; * ) 641(6; * ) 
645(287; 6.4) 646(23; 0.9) 
653 (13; 0.5) 654\(i5 a) 
660(1; * ) 665 (2; 
674(3; * 684(17; 0.5) 
6894; * +) 690 (5; 
6951; * ) 697255 > 9) 


3) 3327) (ab; 
TO GEE 9) 
22) (ie) 
spl(atp ks’) 
52(68; 2.7) 
63(15; 0.9) 
SANS; a) 
140(19; 0.9) 
148\(259 >>) 
is ¥o) (GER <3") 
199(170; 14.1) 
20567) = 9) 
211(8; 0.5) 
2116)(215 57 a8) 
2310(25;7> 2.3) 
236(24; 2.3) 
262\(m xe) 
267 (315; 6.4) 
273225 MOD) 
278i (Or aexs) 
283 (23; 6.8) 
29453) *) 
S2IK (1s) ox)) 
33'5\(23); 58) 
340(35; 24.9) 
351(12; 1.4) 
410(1;~* ) 
568 (1; 0.5) 
S/S Gl 2) 
581(5; 0.5) 
587(33 05) 
593 (64; 12.2) 
600(5; 0.9) 
608; =) 
G21 (Ais ex) 
626\(27 as) 
637(41; 0.9) 
642) ) 
649(17; 0.5) 
655(47; 1.4) 
668(2; * ) 
685(25; 0.5) 
(SeAhi5 =) 
699)(3)377* 9) 


38 


ay) 


16(1; 
23 (57 
45 (6; 
53(28 
68 (1; 
85 (2; 
141 (9; 
TS O25 
193(1; 
200 (1; 


zm) 
1.8) 
Av) 
1.4) 
xx) 
Ai8)) 
0.9) 
0.5) 
x=) 


x9) 


206(201; 8.2) 


212(29; 
217 (33 
232 (2; 
242 (1; 
263 (5; 


268 (763; 
274 (280; 


279 (29; 
284 (12; 


295 (288; 


324(1; 
336 (14; 
342(90; 
352 (1; 
413 (1; 
569 (2; 
577 (23; 
583 (25; 


0.5) 
0.5) 
ae) 

Ls) 
ws) 

16.8) 

6.4) 
0.5) 
4.1) 

5.0) 
x) 

4.1) 

3.6) 
El) 

34) 

0.5) 
4.1) 
3.6) 


588 (168; 47.2) 


594(53; 
601 (4; 
609 (7; 
622 (4; 
627 (2; 
638 (34; 
643 (12; 


8.2) 
0.9) 
1.8) 
i) 
a) 

0.9) 

#0) 


650 (360; 9.1) 


656(1; 
672(1; 
687 (3; 
692 (2; 
700 (24; 


x2) 
)) 
at) 
9) 


0.5) 


19(120; 3.6) 


PEWS Ba 7) 
46(11; * ) 
58(25 =) 
TsKGlg *3_)) 
118(2; * ) 
143 (63; 0.9) 
184(2; * ) 
196(4; 0.5) 
202(41; 1.8) 
208(104; 0.5) 
213 (17 * > 
226(1; * ) 
2331(19); i 0%9) 
259(454; 31.8) 
264(8; 0.9) 
269(12; 1.4) 
PR Sy((alp %3_”)) 
280(180; 10.4) 
Peyiki@lake: 2. 3})) 
297(2245; 20.4) 
328 (46; 5.0) 
3371 (UO2 25.9) 
343(221; 26.8) 
353)(125,253)) 
422(1; * ) 
571(9; 4.1) 
573:(173 64): 
584(18; 2.7) 
590(267; 35.8) 
597 (2; 0.9) 
602(1; 0.5) 
618(1; * ) 
623(3; * ) 
628(1; * ) 
639(16; 0.5) 
644(195; 4.1) 
6511(4 ee) 
659(2; * ) 
673i(22 es) 
688(3; * ) 
693(5; * ) 


Table 3.--Continued 


SCIAENIDAE 
Batirdiella chrysura, silver perch 
23s exes) 242(5; * ) 246)(1i7) 9%) 256(4; 0.5) S13i(3 ae) S45) (BA 3) 
Cynoseton regalis, weakfish 
ah (iy Z5S))) 63(1; 0.9) 6537372) 66(5; 18.6) 67(2; 4.1) 
68 (6; 6.4) @e)((abp ws) 70(2; 4.1) 16\(L5) -2)7)) Hy (alta C257) 
UY alo ZA) P(e aA Sey) TEMS (47) 19/85) ILIl(s((E 257) ALZAS}(IEE, ta) 
YA (ale =) NA (al *F )) 131(1; 1.4) 132(4; 8.6) 134(1; 1.4) 
a3'61(57) 25/539) LS Ol exe) NB 2CUBis xm) 84 (Sires) 185(9; 5.9) 
187(100; 1.4) US BiGlsi xn) TB9(6 3 ==) NS O(2ise oe) 1'92'(295) OFS) 
Ugsi(@s;) 2-3) 194(56; 0.5) IE (AEB Sh57)) ACTS (CALSY RY es )) PAOVe} (Ap. tt) 
210(61; 3.2) 212(47; 6.8) 203i (5) 8) 214(1; 1.8) 2U5iW6;e S52) 
2SA(alR ts )) 2331 (isi 2ers)) 2318 (\Girme* en) 238i (Gj) 2:39} Gaza) 
2. ANN (Qisee es) 242(59; 1.4) 243i(d ss) 244(2; * ) 2453 x), 
246(1; * ) 247) (25s) 256(42; 0.5) AsyT) (lila, <3") Axel Bos) 
266(2; 5.4) 272(29; 3.6) 275(3; 3.6) 2Gi (GH; 8) 298(27; 0.9) 
299) (TOF Xm) sfob (ala; =) SOA(Ae <2) )) 306(4; * ) 309) Cex ee) 
310i(8;;, -* ) Splik((7/A ta) SHYSy((S)= 2) S181 (7:25) 105) SOAS 2/3) 
S201Ce i ) 323(18; 0.5) S\yeM(akp £4 4) 325(306; 5.0) 326(145; 4.5) 
327(580; 25.4) 332(84; 5.0) 33)2i(51:2)7)16.38)) 334(40; 3.2) 340(1; 3.2) 
S68i(2se =?) 


Letostomus xanthurus, spot 
ASIA (CAL yt 3) alte ya((aly, <F )) 194(5; 0.5) T9'5\(8i;5 10/39) Phil(o)( (al = £2") ASA(LR: £3") 
242(3; * ) 256) (2) xe) SLE (aby £4) 


Menttcirrhus saxatilis, northern kingfish 


184(1; * ) alis¥sy( Cilia <2) )) WSTi(; *) alsyo) (Sie <3) >) LOAN (O FOS) Ales (A =F) 
dleyey(la £7») 208(1; * ) Zaltay(ab <p) PA (aly £2. )) 234) (Grae), Pesyehi(alin. £3) 
262(2; 0.5) 263 (3; 0.5) 27a (Sia) QT2(UO aio ls)) — 271-3) Gian Ol=9)) BUDA") 
AATGS( QUES 35 )) 218) (is xm) 29812 ORO)! 3S 22i(6;0 a=) 325i Cl4 5 a) 326) =>) 
sy): <3" )) Sela ss }) S38 2i(2 xa) S}5}s} (lp. tF)) 3517) (esi xa) 
Micropogon undulatus, Atlantic croaker 
OS(s) 233) (2); 10 =)9) 242) (Olek) SAB (aR < ”)) 
MULLIDAE 
Mullus auratus, red goatfish 
S025 ==) ALU Gl £3) 140(1; * ) 
CHAETODONTIDAE 
Chaetodon ocellatus, spotfin butterflyfish 
SA (CM) SPX (alg 2) 
LABRIDAE 


Tautoga onitis, tautog 


TAGS ESA) 17(1; 3.2) Thal ~ )) 124(1; * ) 134(1; 1.4) 240(1; 0.5) 
255i (258 (A455) 25571 (1is em) 25 8)((27 E58) PN (Op dksyo)).- Beals WS) 27/2:(A; ON) 
278 (1; 0.5) 304(2; 0.9) shoal <3 }) Sho) (aly £3) SA 5S) 327mm) 
388(2; 0.5) Sks}o) (Cal 3.) AS TAs x >) 470(2; 1.4) 52:2\(i;) (Ol 5) SS54\(s) 059) 
556(2; 0.5) 560(1; 2.3) 561(3; 1.4) SO(SF S52) 567(9; 11.8) 568(2; 1.4) 


569(1; 1.4) 63,9); 10%:9)) 
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Tautogolabrus adspersus, cunner 


PAL (Gly £3) 50(2; 0.5) Saka; 
54(16; 2.3) 85/(25*) 120(6; 
AVR +2) 2315 (Cis) 236 (4; 
BUCH AR: 3D) 304(20; 1.4) 322 (1; 
889/(5925, 3455) SieKo)(Glp: £3, 3) 437 (20; 
501i(1; 70-5) S22)('8 5 eesS)) 529 (8; 
Byste(GHsy2, BLART/)) 5692s xan) S7a\(2i; 
SHAS 54) Beni hes )) 594 (1; 
640(3; * ) 690) =e) 692 (5; 
MUGILIDAE 
Mugtl curema, white mullet 
O25?) 
SPHYRAENIDAE 
Sphyraena borealis, northern sennet 
alys}(Glrs 3 )) Basel pots )) AREER LF 2) 
URANOSCOPIDAE 
Astroscopus guttatus, northern stargazer 
238i( see) 2AD (x) 249)(55 ax) 
BLENNIIDAE 
unidentifiable to genus 
B22 ee x8) 
PHOLIDAE 
Pholts gunnellus, rock gunnel 
HOS (25 5x) UO7i (ie =)) LL GH7 (Gig ees) 
33 Oil's =) SESS} Alin 3.9) 388'(2; =*~) 
AMMODYTIDAE 
Ammodytes americanus, American sand lance 
28) (ise *7) SOL exs) 
Gai 5 x1) VOGiCE; =~) 
156(520; 11.8) 205i ree) 
2321217055) 236s =a) 
ZAEV GR )) 294) (2 xe) 
B5 2255 =.) 360\(22; * ) 
STi GQos **) 378 (Esme) 
8931255 xs) 402(4; * ) 
427(5; * ) 428(8; * ) 
432(56; 0.9) 433i\(a';5\*") 
QTA(G3) =) 476\(2)37- a1) 
SISi(25 5% 5) 520(354; 6.4) 
5a6i(2i5 x) 547 (1; ) 
SOU (ee) 620;(U 35>") 
SSi7(53 ) 648\(255-45) 
G82(25 55) 6857/55) 
TRICHIURIDAE 


Trichiurus lepturus, Atlantic cutlassfish 


420(U; * ) 


as) 52] (25m) 
0.9) ALTE (lA st3)_)) 
3) 241 (1; * ) 
wi) SEV (GlA. 2) 
3.6) 439 (43; 3.6) 
5.0) 544(1; 0.5) 
t2) SVA(25 =) 
i) 6261(27) ==) 
0.9) 697 (3; 0.5) 
330(8);— =) 

257i (ise xo) 258 (1; 
196)(25 2) 258 (4; 
566(1; * ) 567 (4; 

SiGe *s) 

110(1019; 21.3) 

21 SiGD si xen) 

2506(U5in Xen) 

303(1; * ) 

SO2i(21is xy) 

391(1; * ) 

405(2; * ) 

429(1; * ) 

437/(1; * ) 

477(37 * ) 

521.(24; 0.5) 

568(22; 0.5) 

624(5; * ) 

650(1; *-) 

699(2; * ) 


531(25 
198 (1; 
259 (92; 
334(4; * ) 
48 0/(@l; eam) 
547(16; 1.4) 
575 (2; 
638(8; 1.4) 
699(11; 0.5) 


#5) 
0.5) 
14.5) 


53) sas) 
146(1; *) 
231(19874; 536.6) 
25 Aree) 
S251(37 
376 (29; 
392 (1; 
426 (4; 
430 (2; 
463 (1; 
509 (2; 
545 (56; 
579 (8; 
625 (2; 
662(304; 10.0) 


xy) 
= 1) 


Table 3.--Continued 


SCOMBRIDAE 
Seomber scombrus, Atlantic mackerel 
18(1; * ) 33(14; 0.9) 36(1; 0.5) 92(16; 0.5) 101(2; * ) 
164(S5) * .) TESS Gloe t)) ZALZ(GILR ee) 282(1; * ) 352(1; * ) 
392(1; 0.5) 410(19; 0.9) 414(46; 2.7) 415(1; * ) 422(1; * ) 
440(102; 34.0) 441(16; 6.4) 447(1; 0.5) 448(1; 0.5) 450(14; 1.8) 
451(4; 0.5) 454(2; 0.9) 457(1; * ) 515(2; * ) 536(2; 0.5) 
568 (1; 0.5) 569(5; 0.5) 578(1; * ) 584(2; * ) 586(1; * ) 
587 (16; 2.3) 591(1; 0.5) 597(2; * ) 601(1; * ) 608(1; 0.5) 
615(1; * ) 618(5; 1.4) 619(1; * ) 
STROMATEI DAE 
Artomma bondi, silver-rag 
91(1; * ) 151(1; * ) 
Peprilus trtacanthus, butterfish 
Iy((Aap: eo) 2(46; 1.8) SCG Tt) 9(10; 0.5) 
16(9; 0.5) LAIST) ASS) Si (Zier) 19(4; 0.5) 
21(3; * ) 22)(5-e =) 23(9; 0.5) 24(23; 0.9) 
27 (34; 1.8) 28(8; 0.5) 29(164; 7.3) 30 (138; 10.0) 
33(25)7 14) 34(3; * ) Sa(Sp 5) 37(8; 0.9) 
38(766; 103.9) 44(2; * ) Allsy((abrs “ai))) 46(5; * ) 
47(5; * ) 48(246; 19.5) 49(1; * ) 50(353; 20.0) 
51(4; * ) Bop, <2) )) 53 (38; 3.2) 54(4; 0.5) 
61(16; 0.9) DGG) 78(4; * ) UEN(Sin S )) 
80(238; 3.6) 81(182; 1.8) 82(434; 9.5) 83(37; 0.5) 
84(6; 0.5) 87(9; 0.9) 88 (106; 1.4) 89(51; 0.9 
90(5120; 3.6) 91(1360; 9.1) 92(17820; 20.4) 96(1; * ) 
97(11; 1.4) 98(95; 8.6) 101(22; 1.8) 107(35; 1.4) 
108(54; 0.9) 109(776; 1.8) 110(184; 2.3) 111(1012; 3.2) 
112(1123; 26.8) 113 (6; 0.5) ET (as= ee) 118(980; 6.4) 
119(106; 5.4) 120(1032; 7.3) 1D3\(2). sks) Tale 2% )) 
126(1; * ) 128(4; * ) 131(2; * ) 136(3; 0.5) 
137(208; * ) 138(388; 0.5) 139 (8432; 7.7) 140(1602; 11.3) 
143(16; * ) 144 (344; 0.5) 146(4; * ) 147(98; 2.3) 
148 (29; 0.5) 149(17; 0.5) 150(368; 0.9) 151(3; * ) 
152(1; * ) 154(4; 0.5) 155(25; 2.7) 156(68; 2.7) 
157(110; 5.4) 158(2; * ) 161(738; 59.9) 163(1; * ) 
166(1776; 103.4) 167(10; 0.9) 168(4; * ) 169(221; 4.1) 
170(22; 0.5) 171(78; 1.4) 172(30; 0.5) 173(105; 1.4) 
174(2600; 63.5) 175(1233; 47.2) 176(910; 35.4) 177(80; 2.7) 
178(279; 1.4) 179(56; 0.5) 180(13; * ) 182(14; 0.5) 
183(7; * ) nS 5\ (a) 189(1; * ) 190(2; * ) 
ICAL (Bip &~)) NO 2) (Byes) 193(3; * ) 194(8; 0.5) 
195(27; 0.9) 197(590; 4.5) 198(1200; 5.4) 199(240; 0.9) 
202(1; * ) 203(4; * ) 204(5; * ) 205(1; * ) 
206(3; * ) AAO (Ls 9) 208(14220; 35.8) 209(552; 1.4) 
210(27; 0.5) 211(1463; 8.6) 212(59; * ) 214(26 * ) 
215(462; 5.9) 216(92; 0.9) 217(186; 13.6) 220(37; 1.8) 
222(87; 3.6) 224(2; * ) 225(1; * ) 226(2; * ) 
228 (34; 1.4) 229(2; * ) 230(5; * ) 232(297; 4.1) 
233(1; * ) 235(5; * ) 237(20; 1.8) 238(11; 0.5) 
239(29; 1.4) 240(2; * ) 244(4; 0.5) 249(2; * ) 
256(62; 3.2) sx] (BY Oais))) 258(7; 0.5) 259(203; 29.5) 
260(3; * ) 262(9; * ) 263(67; 0.9) 264(2; * ) 
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Table 3.--Continued 


Peprilus trtacanthus--Cont. 


2651(3);) * ) 266 (427; 6.4) 267 (558; 9.5) 
269(3368; 18.1) ATO) ((iLs} a2") 271(270; 5.4) 
AUS ap £21) 274(102; 0.5) BUS (SH <3 )) 
278(184; 0.9) 279 (340; 1.8) PASK0){ (aL 3) 
284(14; 1.4) 288(66; 5.9) 289(6; 0.5) 
292(13; 1.4) 2942 =, ) 297(203; 5.0) 
OBR +7) SIAN (GE =) SU Sie exam) 
S2N(Sir5 *! 2) 322(72; 4.1) 323(8; 0.9) 
329\(53)7 9 2)=:7)) 330(8; 0.9) Sisjsy(Gla: £3" )) 
338 1((4578 *5)) 349(3; * ) 352)(55i7) 0/55) 
Sea (la < ) 410(5; 0.5) 413(36; 0.9) 
ANG (AIS) * ) 422(4; * ) 424(2; 0.5) 
442(102; 3.2) 444(1; * ) 446(1; 0.5) 
449(40; 2.3) 450(3; 0.5) A’SIL (Ag. <4») 
453 (4; 0.9) 455(2; 0-5) 456(1; * ) 
522i (ise xe) 532(38; 1.4) 53'31(497i;) (O'59) 
536(58; 3.6) 540(5; 0.9) 542(7; 1.4) 
BS7/ (AL3. £2.) 568 (24; 2.7) 570(12; 1.4) 
577(4; 0.5) 578i Gees xs) 57/91 (Gls eae) 
583i (liaise) 584(4; 0.5) 585(5; 0-5) 
588 (6; 0.5) 589(9; 1.4) 590(9; 1.4) 
5O28i) 1.4) SO4\(25 4%) 603(13; 0.9) 
605(43; 5.4) 608(3; 0.5) 609) (Ux) 
Grn (Si57 >) 613(19; 1.8) 62S iis) 
620\(a3: .*” ) 62:3) (@llsaa*e) 626(1; * ) 
630(10; 0.5) (sal{(S}> 225) 633)(Si5 an) 
638 (358; 38.6) 639(39; 3.2) 645(6; * ) 
6511'(5)3710)55)) 654i(aiss aX) 655(42; 2.7) 
660(1; * ) 670(120; 6.4) 671(267; 29.5) 
675(64; 3.2) G7i7/ (Qs ae) 678(22; 1.4) 
685(22; 0.9) 686i 4) 691 (1; *)) 
693(1; * ) 694(4; * ) 695\(2i xm) 
SCORPAENIDAE 
Helteolenus dactylopterus, blackbelly rosefish 
S}oh(CAWsy La) 34(1; * ) 3610933505) SKS}((AL 7/343 99) 39 (€5; 
99\(367" 1 54)) ~ *100(293) 05:9)" LOM (2575 .*' ) 102(15; * ) 162(61; 
DBDs eeeay) 29} (4s) =) 221)\(785"0)..9)) (286)(9370 4b) '289) i; 
344(6; * ) SAT izg exo) 420(9; 0.5) 440(1; * ) 449(1; 
A563) *! ) ASS Qes7 eS SONA se xem) SSSilisn Xan), 538325 
604(2; * ) 605(4; * ) 610\(2);; * ) Gas (7/705) sow2i(5ei- 
669\(58; 3.2) 670(4; * ) ays ()A) Es 1) 67G6:(5)7 *)%) 677 (20; 
Scorpaena plumtert, spotted scorpionfish 
385s) 
Sebastes martnus, ocean perch 
6052; * ) GOs ss) 670\(25) >) 692i ee) 
TRIGLIDAE 
Pertstedion minitatun, armored searobin 
102/(2; —* *) 162(8; 0.9) 164(1; * ) 218(9; 0.5) 
222(18; 4.1) 223)(4;3: 10-9) 287(Asa xas) PAsts)((ALR 3 )) 
347(5; 0.9) 412(4; 0.5) 418(43; 7.7) 419(6; 1.8) 


268 (2455; 
272(14; 
276(123; 0.9) 
281(1; * ) 
290(1210; 
298 (504; 
SUke)((ale 
324(1; 
337(16; 1.8) 
3531 (esi; 
414 (2; 
441 (1; 
448 (1; 
452(5; 
458(1; 
534(23; 
556(2; 
573(2; 
580(19; 1.4) 
587(8; 0.9) 
591(1;-* ) 
604(7; 0.9) 
610(39; 1.8) 
6157 (2-8 OS) 
628(8; 0.5) 
636(2; * ) 
650(84; 6.4) 
659 (13) * ) 
672(16; 1.8) 
679(2;-0.5) 
692(3; * ) 
700(36; 4.1) 


33.6) 
a) 


73.0) 
5.4) 


1.8) 
*0) 
oe) 


Bot) 
x) 
0.5) 
ad 
0.5) 
2.3) 
+9) 


40 (6; 
163(26; 0.5) 
290(2; 


a) 


= )) 
8.6) 
0.9) 


219 (3; 
344 (67; 
440 (5; 


Table 3.--Continued 


Peristedion mintatum--Cont. 


A42\(1; * ) 
539(2; 0.5) 
nla @i 2) 


AAO (Seti) 
604(1; 0.5) 
673i ey) 


450 (1; 
605 (29; 
675(5; 


Prionotus carolinus, northern searobin 


TSG) 

S7/ (Gp) 

84(9; 0.9) 
111(104; 17.7) 
TD 25 (sis) 
142(3; 0.5) 
GEO (MOF eS) 
199(7; * ) 
206(15; 0.5) 
ZIT (S's; (O55) 
PUT KLE OSS) 
236(4; 0.5) 
263(39; * ) 
ZK) (ERS <7 )) 
BY S(Eiy =) 
ZRNL (ER (OS!) 
295(24; 0.9) 
323i (lis) % )) 
SSub(Gips 2259) 
SAN! (CIR EA) 
353) (5i5 <)) 
409(1; * ) 
420 (3); * ) 
448 (4; 1.4) 
54014; 2.7) 
570(4; 0.5) 
586(1; * ) 
594(1; * ) 
601(2; * ) 
(GAL (AEA 3) 
626; =) 
642)(1i5) -* ). 
650(1; * ) 
661 (1; * 2). 
686(26; 2.3) 
691 (3; * ) 


Prtonotus evolans, striped searobin 


1 Ce) 
DOCU) 
85(3; 0.9) 
111(38; 14.1) 
138(13; 5.4) 
150(1; 0.5) 
VOTES); = 9) 
PAOPX OETA (OSS) 
209(5; 0.5) 
205 (557) 2350) 
2ST (Ole +) 


42(1; 

63 (1; 

85 (3; 

alley (Gue 

137 (30; 
143 (14; 
170(2; 

200(13; 
207 (4; 

229); 
2328); 

259\(3; 

264 (15; 
Zales 
2Hoi(a2 
283(1; 
296 (1; 
324(10; 
33)51(5); 

342 (3; 

354 (2; 
410 (86; 
430(1; 
470 (1; 

541 (1; 

Swi2ials 

589 (5; 

597i 
602 (1; 
622(1; 
637(2; 
643 (6; 
653 (1; 

667 (1; 
687 (11; 
697 (1; 


ALS} (GLZ A 
61(2; 
86(1; 
112 (3; 
abS}O)(Ae 
ILS) (Az 
198 (10; 
203 (1; 
210 (6; 
216 (2; 
242(2; 


) 
om) 
0.5) 
i) 
Bot) 
1.8) 
0.5) 
Lime) 
Ee) 
3)92) 
O- 5) 
0.5) 
a!) 
ee) 
1.4) 
*5 1) 
2) 
ED) 
0.9) 
x2) 
7) 
1O}5) 
45) 
ae) 


Le) 


a) 
0.5) 
0) 
2) 
0.9) 
a0) 


5.0) 
0.9) 
0.9) 
1.4) 
0.5) 
0.5) 

0.5) 
x) 
2.3) 
0.9) 


EX) 


43(1; 

68(1; 

86 (4; 

TMD). 
138 (12; 
145 (2; 

IAAI 

ZOD (2 

208 (1; 

214(14; 
233(65; 
260 (18; 
265(15; 
BYES 

Dialaliles 
291 (3; 

297(2; 

328 (2; 

337 (S5 

343 (1; 

356)(25; 
413 (1; 
432(2; 
489 (1; 

543 (2; 

581(1; 

590(3; 

598i (ae; 
614(1; 

623 (2; 
639 (9; 
644(10; 
654 (1; 
683 (20; 


688 (134; 


700 (3; 


20(1; 

63 (44; 

90(8; 

113 (1; 
143 (1; 

185 (4; 

199(2; 

205 (3; 

2U2i(7ili; 
DATs; 

243 (1; 
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ind) 
3.6) 
0.9) 


mr) 
e) 
0.9) 
Sty) 
0.9) 
0.5) 
0.5) 
0.5) 
x) 
1.8) 
Tass) 
e 
O=5) 
a) 
1.4) 
0.9) 


1.4) 
Fl) 


251) 


0.5) 


0.5) 
3.6) 


16.8) 


451(10; 
606 (8; 
676(4; 


46 (40; 
81(1; 

Ake 
118 (1; 

139) (5: 

149 (1; 

LOIS; 

204 (1; 

209 (16; 
Puy SYA 
234(9; 

261(2; 

266 (5; 

273 (4; 

278 (2; 


293 (105; 


298 (1; 
SoM (Sip 
339 (1; 
349 (2; 
S574 (55, 
4A (7; 
440 (1; 
534(1; 
567 (1; 
582(2; 
Bow (ale 
599 (1; 
lly (take 
624 (8; 
640 (2; 
645 (4; 
655 (4; 
684 (6; 
689 (16; 


PAU CAR 
69(1; 
92(3; 
TES (2); 
144(8; 
192(1; 
200 (14; 
206 (1; 
213 (1; 
2330; 
256 (6; 


se) 
0.9) 
0.9) 


bh 


Oop 
Ra 


LY 


LS 


LS 


orrrworvrrvrvrvrvyrvyrvroaovrurvrvrvrurvrwy 


(oy EP toe ERS) se Es TE te fe Ea (bee) ES (Eat E> 


LS 


1.4) 


1.4) 
rot) 
0.9) 
0.5) 
etl) 
ia) 


i 


538(91; 
607 (1; 
677 (8; 


56 (1; 
82(3; 
109(7; 
120(3; 
140 (3; 
168 (3; 
198(5; 
205(24; 
210(3; 
216(1; 
235(25; 
2ZO2i(3); 
268 (1; 
274 (20; 
279(2; 
294(6; 
321. (17; 
330(2; 
340 (1; 
EEO) (OH 
398i (ai; 
416 (4; 
442(1; 
535(4; 
568 (2; 
585(1; 
593 (8; 
600 (2; 
619(1; 
625 (5; 
641 (1; 
649 (3; 
658 (1; 
685 (3; 
690 (41; 


23 (1; 
81(1; 
109 (3; 
TS ERSs 
145 (2; 
195); 
201 (1; 
2 Oss: 
214 (5; 
234 (10; 
258 (1; 


22) 
am) 
1.8) 


ay) 
0.5) 
1.4) 
0.5) 
0.5) 
0.5) 
0.5) 
2) 
0.5) 
i) 
3.2) 
0.5) 


OF 
= 


ce 
- 


= 


vv 


- 


pe pees Pe eae. me re 8 


LS 


+ + © * + + + DO *# CO © + + * Le F 


uO 
iN 
oS 


‘ 
*) 


) 
) 
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Prtonotus evolans--Cont. 


2525 O)-5) 260(8; * ) ASI (Ap +) 262(10; 4.5) ZO (Ve Zo) ‘| 
AGA (Ga S*: 5) 265(3; 0.9) 266(3; 1.4) 269(17; 6.8) AIKO) (abs <3) 
AWAL (Ap ee) PUA p (055) 2H (Seles) 274(13; 6.4) 276(7; 1.8) 
2Bi (Ss: 24%) 2813) 10).5) PASE (AR: 5: -)) 294(1; 0.5) 295(8; 0.9) 
298)(450 95) Se (Hs) eles (CRA to.10)) sil (kp) S30) SAS (Sp 2. )) 
324) (25%) 3251s) S 20/5 (Glas enum) 3281277019) SIZ((Ap. 2 3) 
333) (1% A) S3'6y(GsO)5)) S307 (Sigealera)) SISK} (USI 7/55) 33 9\(7EmSre)) 
340(4; 1.4) SUb(alis 13.) 342(3; 0.9) 343(2; 1.4) 350(12; 6.8) 
SSA 9) S56:(5 Sie.) S57 (Ui seOR 5) 390) ms) 540(1; * ) 
565\(1;' 0.5) 568:(339 15:8)) S69)(27 10-9) SOAR Oae)) 580(1; 0.5) 
624(1; 0.5) 637 (es) 63Si(Clis eax) 639(12; 4.5) 640(1; 0.5) 
644(2; 0.5) 645(4; 2.3) 649(1; 0.5) 685(1; 0.5) 688(1; 0.5) 
689(1; 0.9) 690(4; 0.9) 700(3; 1.4) 

COTTIDAE : 

Hemttrtpterus americanus, sea raven 

Bybee 429))) 42) eee) 5a (23i ae Siols) 58(1; 0.5) ehsh((alip: <3.) 
Al(o}s} (GL s2 )) 15 2:75 0)=-5)), 1533 (Glin e) US TAG OD) NG y7) (15; a) 
B33 /2:(Cli= =) 33.6; (8)7i a1528)) sfelh(Gips 3») 405(1; 0.9) 407 (1; 0.5) 
430(1; 1.4) AST (45 2). 3) 461(1; 0.9) 476(1; 0.5) SO7i(25 2a) 
myile}{ (IG ek(0)Ris)) 522\(43) 2).3)) 576 (258) 595\(17" 0). 5) 627i eeOR 5) 
654i (is. “x 8) 692(1; 0.9) 695 (eax) 


Myoxocephalus aenaeus, grubby 


Weiss *)) (fehl. 29) TA (en ty) DSN SS (AEE lin) ALE (ahs 3) SOAR 2) 
SOSi(is: *) ST 2K exo 2) 359\(7 > *) So (Aes) S8oi(Siietay) Sis7i(S5, ©) 
SOT ees) 484(1; * ) 567/265. 1) 

Myoxocephalus octodecemsptnosus, longhorn sculpin 

Bis)(GL par 2a )) 56(2; 0.5) 57852 33)) 58i (157 iexen) Sie/(tbp! t3%) 94(1; * ) 
NOSIG75" * ) LOG(L3, *) LOT(4 5" x) 52125 O55) S314 1Ol:9) ee SSS) Or) 
LS T7AlssS  O!5) 167(2; * ) HGSi(is ae) 225)(2i7 ea) 226(2; * ) 258) (GG mex) 
280) (2/0 -*) 9) ZIGi(ilie kis) 320)(8252.0)55)" SS35iCle as) 3361(25, 1518) "3 541(Gs exw) 
376(1; 0.5) 388 (4; * ) 38916703116) P= 390i: s 5) 391 (4; 0.9). 392)(310m9) 
SHSM GIL a 1) SHUN (A 24%) S98iCl earn) 400(1; * ) 405)(2)7, (0.-/5))- 429)(s- BORIS) 
A3 Ol 5) 4395 (25.1025) 432(1; 0.5) 435(2; 0.5) 436\(23 0.5) | 437/(Se 21085) 
438 (4; 0.9) 439(3; 0.5) 445(1; 0.5) AGOI(Hss5 axis) AG2 (isa) 463 (1; * ) 
464\(1)3° * ) 467(1; * ) 476(13 * 4A79\(2;;) 0/5) CES HO) (CHL, 5) 483(1; * ) 
435\((2'5" O!. 5) 489(2; 0.5) SOG eax 502(4; 1.4) 503\(6; 154) S042 axe) 
SOS Ghee) 51'0)(2)5? 0/5) Sis (GO). 5)) 512(5; 1.4) 5131(8i7 10/5) heb 221 (G1 ee) 
524(1; 0.5) 544(14; 1.8) 545(1; 0.5) 568i (eF * }) 57'5)(2iz: 10/39) 5i7e7e (1 eee) 
5S 211s 9) 584 (1; * ) 585i(35" * 586(8; 1.4) 587 (57 1.4)! S88i(zsiO5)) 
591(4; 1.4) 594) (ke) 595)(3 7810-9) 596(3; 0.9) 597/(2;7 0215)" 598i(2 ORS) 
GOOG s  .) 608(1; 0.5) 617i(23 0-9) 619(2; 0.5) 620)(230)55) 6215 (els; aan) 
(SP Ole Se) 654) (Girne) 666 (2; 


Myoxocephalus scorpius, shorthorn sculpin 


VB 4a x!) 
CYCLOPTERIDAE 
Liparts sp., seasnail 
2U8\(1ise x) 225((01 xm) 226)(Uie =e ) 334) (Dire) 401(4; * ) 426) (U5 5x™) 
430(1; * ) 439\(6i=*") ATS( 25 =») 


BOTHIDAE 


Table 3.--Continued 


Citharichthys arettfrons, Gulf Stream flounder 


SIH (GLA te 
104(47; * 
161 (108; 
alCske}((aks ts 


224357») 
ey) 


281(32; 
340(8; * 

347(44; * 
416(14; * 
444(104; 

455(3; * 

53/5) (i; 
S7/ei{(ake 
608 (4; 
613 (5; 


OF 


Etropus mtcrostomus, 


2A (25) -* 
AA (ls * 
90(19; * 
99 (16; 
TT (8; * 
143(10; * 
157 (4; 
200 (8; 
207 (2; 
214 (3; 
229(1; 
238 (1; 
258 (3; 
264 (22; 


Ce a ee, ee 


Lan) 
2T2K G6; *=—) 


278(35 * 
309(2; * 
321 (66; 
326 (19; 
333 (28; 
361(1; 
396 (1; 
409 (1; 
429 (2; 
434 (3; 
462(7; 
470 (2; 
480 (1; 
504 (9; 
513 (3; 
574(2; 
584(9; 
600 (6; 


Ct i i  D 


) 


) 
) 


SHAR 3) 
152 (84; 
AL SyA(uls <3) 
SS (ise ) 
224(26; * ) 
285(16; * ) 
342(3; * 
348 (196; 
417) (1; 
445(2; 
457 (1; 
538 (5; 
602 (2; 
609 (3; 


) 
* 
) 
) 
) 
) 
) 
) 
615 (3; ) 


CRC 2 er, 2, St 


She) (Ci 25) 
53) (2); VOR9) 
163(30; 0.5) 


217(104; 0.5) 
225i(85 =) 
280 (2) 
343;(Bi =) 
SIF (GLA tt) 
421(73; * ) 
449(2; * ) 
4584; * ) 
539i(6;" =) 
604(2; * ) 
GLO ee") 
616 =) 


smallmouth flounder 


S822 5% %) 

B(Ap 4) 

S225 xs) 
100(22; * ) 
138(2; * ) 
144(14; * ) 
NGG s =e>) 
PACH AL et) 
208' Giz) =) 
215(141; 1.4) 
233i((G)3: -* 9) 
242(1; * ) 
Ase) (3) ak 9) 
265(24; * ) 
ZIZK(B63" *) 
293(42; * ) 
316(4; * ) 
32 2i(Sii xm) 
327(261; 0.5) 
33 Ai (liye x) 
392(20; * ) 
31977 ((@2is) =*) 
422(4; * ) 
430(14; * ) 
435(2; * ) 
463(10; * ) 
475(8; * ) 
482(1; * ) 
5O5i(215s 58%) 
Bl (Gla tis )) 
576(15; 0.5) 
585(3; * ) 
603(1; * ) 


34(9; * ) 
84 (32; 
93(14 
105(15; 
139 (4; 
W452; 
179(1; 
202(7; 
209(8; 
223 (14; 
234 (17; 
PHS} (CEST sks») 
260(32; * ) 
2661(di75 -* 
274(6; * 
294(34; *°) 
318(54; * ) 
esl sae 2) 
329(2; 
335 (i; 
3:93) (sii; xe) 
398(1; * 
426(7; * 
4395 (3157 Fx) 
437 (1; 
464 (2; 
476(1; 
484 (3; 
506 (1; 
EYAL (Gil? )) 
SZ ex) 
596 Sire =) 
614(1; * ) 


+ OOF 
~eryrvevrwry 


300 hae en tt oe 
Sr SS 


45 


94(9; * 
158(8; * 
LESS 
218 (46; 
226(3; * 
289 (24; 
344 (20 
410 (20; 
424 (27; 
450(12; 
53 (i 
544(4; * 
605(1; * 
611(10; 
619(6; * 


40 (1; 

85 (2; 

96 (2; 

106 (3; 

140 (1; 

aS Sy (ele; 

O(a: 

203 (1; 

210(2; 

227(1; 

2351S 

256 (25; 
261(38; 
270(2; * 
275 (34; 

295 as 
SUS; 

3 2QAi (Dien x 
331 (14; 

337(7; * 
394(4; * 
405(1; * 
427(14 
432(7; 
438 (7; 
466 (2; 
477 (3; 
5021535 
507 (3; 
525(1; 
582(2; 
597 (6; 
615(1; 


Co Sat ae i Se, ee SU, ES 


ss 


Lt et oe te 


+ OO + + 


CO ST It 


ALO PA(S} ps5 52 )) 
160 (56; 
167 (51; 
219533 * ) 
280(4; * ) 
290(41; * ) 
346(4; * 
ALS (72x 
440(2; * 
451(4; * 
583i (2iaeX 
SAS (sx 
607 (10 
(nl A(Gbr. 2 
667(6; * 


Fe NF ar a Ns 


~ 


41 (1; 
86(1; 

97 (4; 
AES) (18; 
142(1; 
US6'(3i; 
198(1; 
206 (1; 
224453 xT) 
228) ((3)3) “*_)) 
PEST) (ala ek) 
PAST (CPXOE FD) 
263)\(L253: *) 
27/08 (Giseexee)) 
PAT. 2D) 
296(24; * ) 
320(8; * ) 
3)25\(3.0)aeem) 
332(46; * ) 
338(19; * ) 
3.9 51 (Ai eesm) 
407 (4; * ) 
428(10; * ) 
433 (2; 
461 (7; 
467 (1; 
479 (3; 
503 (1; 
509 (1; 
572(4; 
583(17; 0.5) 
599 (13) * ) 
620K y ex 


Ce ee ee 


% Fe OOO 
Fes Ber re 


Table 3.--Continued 


Etropus mtcrostomus--cont. 


622(7; * ) 623(19; * ) 624(4; * ) 639(2; * ) 640(10; * ) 
641(2; * ) 642(9; * ) 643(25; * ) 644(7; * ) 645(6; * ) 
646(3; * ) 651(1; * ) 652(2; * ) 655(1; * ) 656(5; * ) } 
657(1; * ) 658(6; * ) 659(1; * ) 661(1; * ) 666(6; * ) 
668(3; * ) 669(1; * ) 671(13; * ) 672(30; * ) 673(33; * ) 
674(50; * ) 675(4; * ) 676(2; * ) 677(5; * ) 678(9; * ) 
679(4; * ) 680(4; * ) 681(20; * ) 685(1; * ) 686(1; * ) 
687(17; * ) 688(10; * ) 689(4; * ) 690(9; * ) 691(1; * ) 
692(2; * ) 693(2; * ) 694(3; * ) 695(3; * ) 
Monolene sesst licauda, deepwater flounder 
102(1; * ) 
Hippoglossina oblonga, fourspot flounder (See: Gutherz 1967) 
19(8; 0.9) 29(11; 1.8) 21(28; 4.1) 22:(18); 253) 28(1; * ) 
31(5; 0.9) 32(6; 0.9) 34(3; 0.5) 37i(2ieneea) 42(9; 0.9) 
43(31; 3.6) 44(8; 0.9) 45(3; 0.5) 46(13; 2.3) 53(1; 0.5) 
54(1; 0.5) 55(9; 0.9) 56(4; 0.5) 57(6; 0.5) 58 (16; 0.9) 
59(8; 1.4) 60(3; 0.5) 80(1; * ) 82(8; 0.5) 83(2; * ) 
84(3; * ) 85(2; 0.5) 86(53; 5.9) 87(40; 5.4) 88(2; * ) 
89(7; 0.9) 91(7; 0.9) 93(41; 5.0) 94(7; 1.4) 96(19; 2.3) 
97(10; 0.9) 98(10; 1.4) 100(1; * ) 101(2; 0.5) 104(26; 3.2) 
105(35; 5.4) 106 (42; 5.0) TOW) (LlsspelasA) 112(38; 3.6) 113(7; 0.5) 
114(7; 0.5) 115(54; 7.3) 116(35; 4.5) 117(46; 5.0) TH9)(Bizs tee) 
141(4; * ) 142(40; * ) 143(3; * ) 144(5; * ) 145(21; * ) 
146(16; 1.4) 147(1; * ) 149(2; * ) 152(65; 10.9) 153(71; 9.5) 
154(1; * ) 155(13; 1.4) 156(9; 1.4) 157(3; 0.5) 158(23; 3.2) 
159(8; 0.9) 160(44; 6.8) 161(11; 1.4) 162(1; 0.5) 166(14; 1.8) 
167(22; 2.7) 175(4; * ) 176(6; 0.5) 177(20; 1.8) 178(2; * ) 
179(1; * ) 180(1; * ) 181(1; * ) 200(4; * ) 201(5; * ) 
202(16; * ) 204(15; * ) 205(11; * ) 206(4; * ) 208(1; * ) 
209(7; * ) 212(25; * ) 213(26; 0.5) 214(28; 0.5) 215(74; 0.5) 
217(9; 0.9) 218(4; 0.9) 223(97; 11.3) 224(59; 7.7) 225(50; 6.8) 
226(115; 18.1)  227(47; 6.4) 228(12; 1.4) 229(6; 0.9) 230(18; 2.3) 
2Sn(2- makin) 233(10; * ) 234(3; * ) 235(7; * ) 236(2; * ) 
260(15; * ) 261(8; * ) 262(45; 0.5) 263(40; * ) 264 (34; * ) 
265(30; * ) 266(4; * ) 270(4; * ) Pei 272(74; 0.9) 
273 (29; 0.5) 274(46; 0.5) 275(66; 0.9) 276(15; 2.7) 277(22; 0.9) 
278(1; * ) 280(61; 9.1) 281(30; 5.9) 282(19; 3.6) 283(8; 0.9) 
285(13; 1.4) 287(3; 0.5) 288(2; 0.5) 290(5; 0.5) 291(54; 9.1) 
292(9; 1.8) 293 (24; 0.5) 294(20; 0.5) 295(7; * ) 296(5; 0.5) 
297(3; * ) 321(5; * ) 322(4; * ) 323 (38; 0.5) 324(34; * ) 
328(11; 1.8) 329(4; * ) 330(42; 1.4) 335(14; 2.3) 336(7; 1.4) 
337(60; 8.2) 338(79; 11.8) 339(6; 0.9) 340(100; 10.9)  341(20; 0.5) 
342(62; 7.7) 343(41; 5.4) 344(1; * ) 347(1; * ) 348(2; * ) 
349(30; 3.6) 350(10; 1.8) 353(8; * ) 354(6; * ) 356(17; * ) 
357(17; 0.9) 397(4; * ) 398(18; 0.5) 406(7; * ) 407(3; 0.5) 
409(9; 1.4) 410(20; 4.5) 411(12; 2.7) 412(10; 1.4) 413(1; * ) 
414(7; 0.9) 415(20; 4.1) 416(22; 4.1) 421(37; 5.0) 422(53; 7.3) 
423(7; 0.5) 424(2; 0.5) 430(1; * ) 431(1; * ) 432(6; * ) 
434(1; * ) ABSIT (Mem Xi) 439(1; * ) 440(35; 7.3) 441(7; 2.3) 
442(15; 2.3) 443(2; * ) 444(14; 1.8) 445(2; * ) 446(1; * ) 
447(12; 1.8) 448(17; 2.7) 449(4; 1.4) 450(1; * ) 452(9; 1.4) 


46 


Table 3.--Continued 


Htppoglosstna oblonga--Cont. 


453(6; 0.9) 455(7; 0.9) 456(7; 1.4) 457(6; 0.9) Ay] ic/) (15; eel) 
A793) (ai) * )) S0)S}(GLR 0)55)) 5:13\(5)7) 10/55) ES (il 28) 522(4; 0.5) 
5:26) (is =) 528(5; 0.9) BE) (2R i.) 5301271015) D312} (Diss 9) 
533'(3; 0.5) 534(5; 0.9) 535) (61k; 8772) yshe\((7/2 Lets) 539(10; 2.3) 
540(13; 1.8) 541(3; 0.5) 542(2; 0.5) 5431(9 78) 544(5; 1.4) 
545(13; 1.8) 569(2; 0.9) 570(2; 0.5) 571(6; 1.4) SASIGG =) 
575(10; 1.8) 576(13; 0.9) 51,8) (AG 9) 579(4; 0.5) 580i) 
EYSIL(QUR: <3) Bx(S38, £35) 583(6; 0.5) 584(11; 3.2) 585(13; 1.8) 
586(35; 4.1) 5S (ize 8) Bysis}((UR 2.) 589(4; 0.9) 590(3; 0.9) 
592(6; 0.9) 593)(3)57"059) 594(14; 2.7) 595) (i778 23i16)) 596(26; 3.2) 
59i7/(205) 253) 598(16; 2.3) SEF. OES) 600 (30; 5.0) 601(98; 13.2) 
602(68; 7.3) 603(29; 3.6) 604(10; 1.8) 605(6; 2.3) 606(12; 1.8) 
607(3; 0.9) 608(6; 1.8) 609(8; 1.4) 610(9; 1.8) Guise <3.) 
614(11; 1.4) 6W'5!(25, 2-7) 616(14; 1.8) 617 (4; 0.9) 618(4; 0.5) 
619(21; 3.6) 620(9; 1.8) 621(7; 0.9) 622'(5; 0-9) 627/(Gi O55) 
638(6; 0.9) 640(13; 2.3) 641(27; 5.4) 642)(815;75;./0) 643(54; 9.5) 
644(7; 1.4) 645(4; 0.9) 647i (257) se) 650(10; 2.3) 652(10; 1.8) 
653(10; 0.9) 654(72; 10.0) 655) (i; 1s) 656(4; 0.5) 657(8; 1.4) 
658 (40; 5.4) 659(4; 0.5) 660(3; 0.5) 661(11; 1.8) 662i (Cire) 
663(7; 0.9) 664(3; * ) 665(16; 2.3) 666 (33; 5.0) 667(10; 1.4) 
668(19; 2.7) 670(4; 0.5) 671(18; 2.3) 6)7/2)(s7) 8) 673 (28; 3.6) 
674(18; 1.8) 675(26; 6.8) G7iG\(isy* 5) STAs = >) 678(27; 4.1) 
679(25; 3.6) 680(9; 1.4) 681(13; 1.4) 682(7; 0.9) 683 (4; 0.5) 
685(6; 0.9) 686(7; 0.9) 687(19; 2.3) 688(27; 4.5) 689i (2; ees) 
690(26; 5.0) 691(41; 5.4) 692(22; 5.0) 693 (38; 9.1) 694(11; 1.8) 
695(7; 1.8) 696) >) 697(8; 1.4) 698(4; 0.5) 700(7; 0.9) 
Paralichthys dentatus, summer flounder 
QAR es) 16(4; 3.2) 17(9; 10.0) SiS 3'2) 19(8; 6.4) 
20(4; 3.6) 21 (21; 14-5) 23337) 2/e 9) 28 (6; 9.5) 2) (AR =) 
42(2; 0.9) 43(1; 0.5) 45(3; 1.4) 46(8; 8.6) 47(2; 1.4) 
48(5; 7.3) 50(8; 5.4) 52) (G2 1618) 5Si (5) 23) 55\(2);7 174) 
56(3; 1.8) Sy7/K Gus 10)65))) GYS} (Cabri (0)435) 61(8; 10.9) 62(1; 0.5) 
63)(2;7- 2.7) 64(2; 1.4) Gy7A (5583 52)) 69!(Si5) 4a) 7.0) (25 38752) 
TAL (Les ta. )) TAGE. <3) TELALR WzS))) 77 (4; 5.0) 78 (16; 21.8) 
79(8; 5.9) 80(1; 1.4) 81(10; 10.9) B4\(2 227) 85(1; 1.4) 
90(40; 38.6) 92277 23'653)) TALE (ALR @q5)) 115(2; 0.9) LZOV(GLR dLot})) 
2 2\(Si7P 2 =3)) 123) (752520) 134(1; 0.5) alS355 (GER. (05 5) 137(50; 41.3) 
138(16; 10.9) 3 Ol); e2e7))) 140(16; 16.8) 142(1; 0.9) 143(3; 2.7) 
144(8; 10.0) UO 357) 184(1; 0.9) VE5i(i OD) 186(2; 0.9) 
187(4; 2.7) alfexs) (A. alfs})) 92) (Size 8}) 193(6; 5.4) 194(2; 1.4) 
195(7; 5.4) 196(21; 14.5) MIA S Sp. 262) 198 (13; 10.9) 19 9)(75> dS 14) 
200(2; 1.4) 202(16; 1.4) 203 (1; 0.9) 204(4; 4.1) PROS) (S25 7/)) 
206(11; 14.1) 207(15; 14.5) 208(3; 3.2) 209(40; 38.1) 210(9; 10.0) 
ZU (4 92)< 3) PAla(alile, AL267/) 213) (55) 8/6) 214(9; 16.8) Palsy e393 IL7/ 7) 
ZANT (Ale (5S) PSA G Uo) 233(70; 54.9) 234(22; 16.8) 235(10; 16.8) 
236(5; 9.1) 2371) (ie x™), FAS (SR. =) 2A2(Siaex) DAST (ss sxee) 
256(20; 1.8) 257(4; 0.5) Eee 3) AEB. 2o7)) 260(3; 1.8) 
2615 (9)5*73'26) XP PAE 7) 263(8; 3.6) 264(2; 1.4) 266(2; 2.3) 
267(16; 21.3) 268 (4; 7.3) 269(2; 1.4) 27O} (Ss) 3i2)) 271(8; 6.4) 
272(4; 0.9) 2713\(2z) 10) 5) ZENS) Ac!) BUDMAD X23" .)) 276(4; 4.1) 
277(15; 18.6) 2ZTS3)7) 8) 279(2; 1.8) 280(2; 1.8) ZR, S7))) 
DSO VEIT 2 3) Asiei (bs. 2as3)) 290(1; 4.1) PL (Ae 352) 2931359) 
294(2; 1.8) 295(10; 10.0) PAY (Ei. Ae thy) 298(14; * ) 300) (15;as=—) 
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Table 3.--Continued 


Paraltchthys dentatus--Cont. 


sulai(als 
323 (10; 
328 (14; 
333i (7; 
340 (3; 
352(1; 
387 (1; 
395 (1; 
410(3; 
436 (1; 
448 (18; 
487 (2; 
533 (9; 
543 (2; 
568 (1; 
573 (2; 
58)2) (ai; 
589 (3; 
599 (1; 
619 (1; 
625 (24; 
634 (2; 
640 (4; 
645 (38; 
651 (2; 
670(1; 
688 (11; 
693 (3; 
699\(1; 


=) 


4.5) 
1.4) 
1.4) 


Sls} (Ay 1) 
324(4; 2.3) 
329) Geese) 
334(21; 10.4) 
341(5; 3.6) 
SIS} (AP 0/5 ¢)) 
sts}e) (align tay") 
398i(1i57 * p) 
413(21; 21.8) 
ASE (Lisi ae) 
449(1; 0.9) 
503! (sss) 
3.9) (7 i Aes) 
545(2; 1.4) 
569(6; 3.2) 
577(4; 2.3) 
583/029) 
592(4; 4.5) 
600(1; 0.5) 
620!(aiss 14) 
626(7; 1.4) 
635)(25-0%75) 
641(7; 3.6) 


646(60; 38.1) 
653i(12)5 27) 
683i(3i79478) 
689(10; 5.0) 
694(4; 1.8) 
700(52; 29.5) 


Seophthalmus aquosus, windowpane 


9(1; 
20(19; 
25)(i; 
42(14; 
47(10; 
52(5; 
59(6; 
72 (1; 
84 (62; 
918 (25 

106 (9; 
AN (Ss 


116 (199; 


22)(2Es 
140(7; 
145(18; 
USL; 
167 (18; 
175 (Us 
180(25; 
197 (23; 
202 (14; 
208 (4; 


0.5) 
5.4) 
pe) 
3.6) 
ZASS)) 
Ibe.) 
1.4) 
td) 
10.4) 
0.5) 
1.4) 
2.3) 
42.2) 
x) 
1.4) 
4.1) 
i) 
4.1) 
re) 
5.9) 
4.1) 
1.8) 
0.9) 


14(14; 2.7) 
21 (Sais ai) 
225.025) 
43(6; 1.4) 
48(9; 1.8) 
53 1(2'35 40/55) 
60(2; 0.5) 
SOS 7s 723) 
851(52/-7 HOE9) 
92/(23);) 4°25) 
107(6; 1.4) 
152 '(2355°4°5) 
117i (1353: 426-3) 


1223) (sex 5) 

141(41; 9.5) 
146(2; 0.5) 
152(6; 1.4) 
168(8; 1.4) 
76025) 
LSIT'(22 5) 4:5) 
198(10; 2.3) 
203:(3;571025) 
209(33; 4.5) 


320:(6;, *) 
S25i(S)2esy) 
330(4; 3.2) 
S95 (7/9 C55) 
343(3; 2.7) 
354(8; 1.8) 
3:90) Gl aase) 
404(1; * ) 
Ail5\(5; 55%») 
438(4; * ) 
451 (1; 1.8) 
Balle 7 )) 
539) (274i) 
546i (Lisp 9) 
570(375) Aae8) 
579\(6 52 2) 7), 
584(1; 2.7) 
593(6; 5.0) 
601(3; 3.2) 
622i map) 
627(1; 0.9) 
63/7) (59/7712 559) 
642(2; 0.9) 
648 (3; 1.8) 
655(38; 28.1) 
684(15; 7.3) 
690(48; 28.1) 
696(3; 1.4) 


16(3; 0.5) 
2217, 015) 
28(22; 5.4) 
44(57; 11.8) 
49(3; 0.5) 
55(5; 0.9) 
62) (yee) 
81(14; 4.1) 
86(46; 10.9) 
93/(2'3 5) (471) 
VOBI(2ise) 
113(2; 0.5) 
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SRE(Ap 2") Byefss(abA tr) Byele aly Oss) Gale ((akp ot") 617(8; 2.7) 
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186 (2; 
192(14; 
200 (1; 
229 (3; 
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51 


596(24; 6.4) 
601(47; 22.2) 


618(5; 1.8) 
627(17; 6.8) 
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658(64; 6.4) 
665(8; 4.1) 
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250(10; 0.9) 
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400(20; 5.4) 


597(40; 11.3) 
602(3; 1.4) 
619(9; 4.1) 
641(2; * ) 
654(34; 12.2) 
659\(195 5372) 
666(11; 4.1) 


694(1; * ) 
10(25; 3.2) 
18(6; 0.5) 
23(5; 1.4) 
28(4; 1.4) 
42(1; 0.5) 
CUM (oy Se) 
53)(!22;78 34/59) 
60(4; 0.5) 
SSA EIF ee? »)) 
UB(Ap *~)) 
80(4; 1.4) 
87 (18; 4.'5) 

LOG6IC7;, 253) 

ie Kevan -eF)) 

149(1; * ) 

156(2; 0.5) 

7 (See) 

184(4; 0.5) 

189(1; * ) 

196(16; 0.9) 

227(4; 1.8) 

236(3; O.5) 

241(4; 0.5) 

ZAG (51713) 14515) 

254(1; * ) 

260(9; O.5) 

268(2; 0.5) 

D7 Aileen) 

283) Cl aexee) 

298(18; 6.8) 

305(2; * ) 

310(27; 5.0) 

315(6; 0.9) 

320(122; 14.5) 

325(5; 1.4) 

3301(S 6582) 

335(6; 1.8) 

347(1; 0.5) 

360(2; 0.5) 


386(44; 3.2) 
390( P25 203) 
396(6; 0.9) 
401(10; 3.6) 
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Pseudopleuronectes amertcanus--Cont. 


Symphurus plagiusa, blackcheek tonguefish 


325) (i; =) 


Symphurus sp. 
36) ) 


BALISTIDAE 


539\(; 


221(1; 


* 


* 


402(22; 6.8) AOS (GLS3p. 5357) 
ADT AA) Di) 428(8; 3.2) 
AS A (Siete ale 4) 435(2; 0.9) 
459(9; 1.4) 460(6; 1.8) 
464(2; 0.5) 466(1; * ) 
474(2; 0.5) 479(4; 0.9) 
484(6; 2.7) 485(3; * ) 
496(1; * ) 5 OO; (lisex i) 
504 (3; 0.9) 505:(267725:29) 
509(12; 2.7) GeO Glas 77) 
5il'Gi(is10)-:5)) HET) FT) 
Sab (alee scsi 5) 522i(Si7 Oe 9) 
ESS iO ee!) SSA ia Oreo) 
S62!) O25) 562(9; 1.4) 
566(4; 0.9) 5oWM(S5 5% 519) 
7/1 (GEO ze a1258)) 57 2L9 5-0) 
576(2; 0.9) 577(4; 1.4) 
581 (16; 4.1) 582(LO 75257) 
bSSiCisis8 3-2) SE9(Si SOc) 
593(26; 5.4) 594(68; 13.6) 
624(10; 1.8) 625(32; 10.4) 
630(5; * ) 633(2; * ) 
639(9; 1.4) 640(2; * ) 
644(183; 17.2) 645(78; 16.3) 
649 (30; 6.4) 650(12; 3.6) 
655;(205' 7510) 659(8; 3.6) 
683 (8; 1.8) 684 (3; 0.5) 
688 (4; 0.9) 689(7; 0.5) 
693(8; 4.5) 694(6; 2.3) 
698(4; 0.9) 699(20; 7.7) 
CYNOGLOSSIDAE 


) 


) 421 (1; 


Balistes capriscus, grey triggerfish 


164(1; * ) 


Monacanthus 
3515 
117(2; 
145(4; 
166(1; 
202(5; 
208 (2; 
215(14; 0. 
260(1; 


+ +e FF OF 


293) (877/57 
325/(37" *")) 
354(19; 0. 


hi 
) 
) 
) 
) 
) 
) 


5) 


4) 


9) 


86(1; 
134 (1; 
150 (6; 
168 (2; 
203 (3; 
210(2; 
216 (2; 
266 (7; 
274(7; 
294(1; 
329 (2; 


* 


++ + O + + # + + HF 


) 87(1; 
) 140(2; 
) 150 (2; 
) 173 (1; 
) 204 (1; 
) 211(2; 
) 227 (2; 

=5))] 268 (7; 
) 275 (2; 
) 295 (8; 
) 330(1; 


404 (14; 


59) 


429(3; 0.9) 
437(3; 
461 (7; 
467 (1; 
480(5; 
489 (3; 


501 (17; 


506 (4; 
511 (4; 


518 (12; 


527 (1; 
558 (3; 
563i; 


568 (13; 
57315; 


578 (2; 


583'(225 
590 (22; 


595.(7; 


626 (10; 
636 (15; 


641(9; 


646 (72; 
651 (40; 


662 (4; 


685 (13; 
690 (12; 
695 (4; 
700(8; 


* 


sptdus, planehead filefish 


* 


* OF OF Ok Ok Oe Ot 


) 


0.5) 
1.8) 
7) 

1.8) 


a) 


8.2) 


1.4) 
0.9) 


3.6) 


0.5) 
0.9) 
0.9) 


3.2) 
8.6) 


0.5) 


<3) 
5.4) 


0.9) 


4.1) 
0.9) 


1.4) 


15 \..9) 
10.9) 


253) 


1.4) 
2.3) 


25S) 
2.3) 


205 (6; 
2152) (shis 
233 (4; 
269 (1; 
276(8; 


405(27; 
431(1; 
438 (2; 
462(14; 
470(1; 
482 (7; 
491(2; 
502(14; 

5O7 (Leese 
512 (29; 

519(2; 0.9) 
546 (7; 
559(8; 1.4) 
564(9; 1.8) 
569(14; 3.2) 
BVA 
Sy SHOWOR 6 
584)(97 227) 
590 \(3i 710k 5) 
622(2; 
628 (20; 
637(26; 4.1) 
642(44; 8. 
647 (25; 
652(11; 1.8) 
666(1; 0.5) 
686(6; 2.3) 
691(11; 5.4) 
696(3; 0.9) 


113 (1; 
143 (1; 
163 (9; 
200(2; 
206(2; 
213 (7; 
235(4; 
270(1; 
277 (6; 
298 (1; 
342(3; 


5.4) 
0.5) 
0.5) 

59) 


Lt ee ee a a 


426(5; 
433(1; 
439(1; 
463 (3; 
471(9; 
483 (1; 
494(1; 
503 (9; 
508 (18 
513 (3; 
520 (3; 
547 (3; 
560 (8; 
565 (4; 
S7oO(53¢ 
BS 7/SiGls 
580 (9; 
586(1; 0.5) 
592) (a2 m2 iy) 
(SAS ((75) <3 2) 
629(9; 0.5) 
638 (26; 
643 (28; 

648(36; 8.6) 
653 (47; 

682(1; 0.5) 
687(15; 5.0) 
692(5; 
697 (2; 


Boil) 
0.5) 
Ee) 
0.9) 
3.2) 
0.5) 
+3) 
1.8) 
3.6) 
0.5) 
1.8) 
0.5) 
1.8) 
0.5) 
10.0) 
0.5) 
3.2) 


~ 


114(1; 
144 (3; 
164 (3; 
201(2; 
207 (2; 
214 (3; 
236 (3; 
271 (1; 
279 (2; 
324 (2; 
S53i(25 


~ 


ee en cae nr ee) eat in he 
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TETRAODONTIDAE 
Sphoerotdes maculatus, northern puffer 

SIS(GEA =) 120)(E eae), US} 7/ (up <2) Skea Woy). ey M ala <2 )) 198 (12; 0.5) 
S95; =) 200\(5);> = 9) 201(8; 0.5) 202\G/5 xs) 204(2; * ) 206(1; * ) 
ZOD (AR = )) PAA (abSyp~ 3%) PAAR Wo). UE (Ap SOs) Asle(Ap- ta )) 234(8; O.5) 
ABS) (AR +3) 260:(25°-* ) ZAGAL (tp &F )) 263i (Gi) 264(2; * ) 2.65 (Vili iaee a) 
266)(25" *5) Payal (ali: % 3) AM Glo) A 2») AUS SG 2) Peli 22" )) 216 GL * )) 
294(2; * ) SAM (lp et )) 332124 (laa) sjshh (ila: t )) 83 2i(67at), 333i(5) 5) 
BB Ai(2i7 ex) 


53 


ais 
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672. Seasonal occurrence of young Guld menhaden and other fishes in a 
northwestern Florida estuary. By Marlin E. Tagatz and E. Peter H. 
Wilkins. August 1973, iii + 14 p., 1 fig., 4 tables. For sale by the 
Superintendent of Documents, U.S. Government Printing Office, 
Washington, D.C. 20402. 


673. Abundance and distribution of inshore benthic fauna off 
southwestern Long Island, N.Y. By Frank W. Steimle, Jr. and Richard B. 
Stone. December 1973, iii + 50 p., 2 figs., 5 app. tables. 


674. Lake Erie bottom trawl explorations, 1962-66. By Edgar W. Bow- 
man. January 1974, iv + 21 p., 9 figs., 1 table, 7 app. tables. 


~ 675. Proceedings of the International Billfish Symposium, Kailua- 


Kona, Hawaii, 9-12 August 1972. Part 1. Report of the Symposium. 
March 1975, iii + 33 p.; Part 2. Review and contributed papers. July 
1974, iv + 355 p. (38 papers); Part 3. Species synopses. June 1975, iii + 
159 p. (8 papers). Richard S. Shomura and Francis Williams (editors). 
For sale by the Superintendent of Documents, U.S. Government Printing 
Office, Washington, D.C. 20402. 


676. Price spreads and cost analyses for finfish and shellfish products at 
different marketing levels. By Erwin S. Penn. March 1974, vi + 74 p., 15 
figs., 12 tables, 12 app. figs., 14 app. tables. For sale by the Superinten- 
dent of Documents, U.S. Government Printing Office, Washington, D.C. 
20402. 


677. Abundance of benthic macroinvertebrates in natural and altered 
estuarine areas. By Gill Gilmore and Lee Trent. April 1974, iii + 13 p., 
11 figs., 3 tables, 2 app. tables. For sale by the Superintendent 
of Documents, U.S. Government Printing Office, Washington, D.C. 
20402. 


78. Distribution, abundance, and growth of juvenile sockeye salmon, 
Oncorhynchus nerka, and associated species in the Naknek River system, 
1961-64. By Robert J. Ellis. September 1974, v + 53 p., 27 figs., 26 tables. 
For sale by the Superintendent of Documents, U.S. Government Printing 
Office, Washington, D.C. 20402. 


679. Kinds and abundance of zooplankton collected by the USCG 
icebreaker Glacier in the eastern Chukchi Sea, September-October 1970. 
By Bruce L. Wing. August 1974, iv + 18 p., 14 figs., 6 tables. For sale by 
the Superintendent of Documents, U.S. Government Printing Office, 
Washington, D.C. 20402. 


680. Pelagic amphipod crustaceans from the southeastern Bering Sea, 
June 1971. By Gerald A. Sanger. July 1974, iii + 8 p., 3 figs., 3 tables. For 
sale by the Superintendent of Documents, U.S. Government Printing Of- 
fice, Washington, D.C. 20402. 


681. Physiological response of the cunner, Tautogolabrus adspersus, to 
cadmium. October 1974, iv + 33 p., 6 papers, various authors. For sale by 
the Superintendent of Documents, U.S. Government Printing Office, 
Washington, D.C. 20402. 


682. Heat exchange between ocean and atmosphere in the eastern 
North Pacific for 1961-71. By N. E. Clark, L. Eber, R. M. Laurs, J. A. 
Renner, and J. F. T. Saur. December 1974, iii + 108 p., 2 figs., 1 table, 5 
plates. 


683. Bioeconomic relationships for the Maine lobster fishery with con- 
sideration of alternative management schemes. By Robert L. Dow, 
Frederick W. Bell, and Donald M. Harriman. March 1975, v + 44 p., 20 
figs., 25 tables. For sale by the Superintendent of Documents, U.S. 
Government Printing Office, Washington, D.C. 20402. 


684. Age and size composition of the Atlantic menhaden, Brevoortia 
tyrannus, purse seine catch, 1963-71, with a brief discussion of the 
fishery. By William R. Nicholson. June 1975, iv + 28 p., 1 fig., 12 
tables, 18 app. tables. For sale by the Superintendent of Documents, U.S. 
Government Printing Office, Washington, D.C. 20402. 


685. An annotated list of larval and juvenile fishes captured with sur- 
face-towed meter net in the South Atlantic Bight during four RV Dolphin 
cruises between May 1967 and February 1968. By Michael P. 
Fahay. March 1975, iv + 39 p., 19 figs., 9 tables, 1 app. table. For sale 


by the Superintendent of Documents, U.S. Government Printing Office, 
Washington, D.C. 20402. 


686. Pink salmon, Oncorhunchus gorbuscha, tagging experiments in 
southeastern Alaska, 1938-42 and 1945. By Roy E. Nakatani, Gerald J. 
Paulik, and Richard Van Cleve. April 1975, iv + 39 p., 24 figs., 16 
tables. For sale by the Superintendent of Documents, U.S. Government 
Printing Office, Washington, D.C. 20402. 


687. Annotated bibliography on the biology of the menhadens, Genus 
Brevoortia, 1963-1973. By John W. Reintjes and Peggy M. 
Keney. April 1975, 92 p. For sale by the Superintendent of 
Documents, U.S. Government Printing Office, Washington, D.C. 20402. 


688. Effect of gas supersaturated Columbia River water on the survival 
of juvenile chinook and coho salmon. By Theodore H. Blahm, Robert J. 
McConnell, and George R. Snyder. April 1975, iii + 22 p., 8 figs., 5 
tables, 4 app. tables. For sale by the Superintendent of Documents, U.S. 
Government Printing Office, Washington, D.C. 20402. 


689. Ocean distribution of stocks of Pacific salmon, Oncorhynchus spp., 
and steelhead trout, Salmo gairdnerii, as shown by tagging experiments. 
Charts of tag recoveries by Canada, Japan, and the United States, 1956- 
69. By Robert R. French, Richard G. Bakkala, and Doyle F. Suther- 
land. June 1975, viii + 89 p., 117 figs., 2 tables. For sale by the 
Superintendent of Documents, U.S. Government Printing Office, 
Washington, D.C. 20402. 


690. Migratory routes of adult sockeye salmon, Oncorhynchus nerka, in 
the eastern Bering Sea and Bristol Bay. By Richard R. Straty. April 
1975, iv + 32 p., 22 figs., 3 tables, 3 app. tables. For sale by the 
Superintendent of Documents, U.S. Government Printing Office, 
Washington, D.C. 20402. 


691. Seasonal distributions of larval flatfishes (Pleuronectiformes) on 
the continental shelf between Cape Cod, Massachusetts, and Cape 
Lookout, North Carolina, 1965-66. By W.G. Smith, J. D. Sibunka, and 
A. Wells. June 1975, iv + 68 p., 72 figs., 16 tables. 


692. Expendable bathythermograph observations from the 
NMFS/MARAD Ship of Opportunity Program for 1972. By Steven K. 
Cook. June 1975, iv + 81 p., 81 figs. For sale by the Superintendent of 
Documents, U.S. Government Printing Office, Washington, D.C. 20402. 


693. Daily and weekly upwelling indices, west coast of North America, 
1967-73. By Andrew Bakun. August 1975, iii + 114 p., 3 figs., 6 tables. 


694. Semiclosed seawater system with automatic salinity, temperature 
and turbidity control. By Sid Korn. September 1975, iii + 5 p., 7 figs., 
1 table. 


695. Distribution, relative abundance, and movement of skipjack tuna, 
Katsuwonus pelamis, in the Pacific Ocean based on Japanese tuna long- 
line catches, 1964-67. By Walter M. Matsumoto. October 1975, iii + 
30 p., 15 figs., 4 tables. 


696. Large-scale air-sea interactions at ocean weather station V, 1951- 
71. By David M. Husby and Gunter R. Seckel. November 1975, iv + 
44 p., 11 figs., 4 tables. For sale by the Superintendent of Documents, 
U.S. Government Printing Office, Washington, D.C. 20402. 


697. Fish and hydrographic collections made by the research vessels 
Dolphin and Delaware II during 1968-72 from New York to Florida. By 
S. J. Wilk and M. J. Silverman. January 1976, iii + 159 p., 1 table, 2 
app. tables. For sale by the Superintendent of Documents, U.S. 
Government Printing Office, Washington, D.C. 20402. 


698. Summer benthic fish fauna of Sandy Hook Bay, New Jersey. By 
Stuart J. Wilk and Myron J. Silverman. January 1976, iv + 16 p., 21 
figs, 1 table, 2 app. tables. For sale by the Superintendent of 
Documents, U.S. Government Printing Office, Washington, D.C. 20402. 


699. Seasonal surface currents off the coasts of Vancouver Island and 
Washington as shown by drift bottle experiments, 1964-65. By W. 
James Ingraham, Jr. and James R. Hastings. May 1976, iii + 9 p., 4 
figs., 4 tables. 
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